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OXIDATION METHANOL AND FORMALDEHYDE 
PSEUDOMONAS 


Abstract 


methanol-utilizing organism identified strain Pseudomonas methanica 
was isolated. Methanol oxidation extracts the organism was shown 
involve peroxidative oxidation the alcohol formaldehyde. diphos- 
phopyridine nucleotide dependent aldehyde dehydrogenase, specific for formal- 
dehyde and requiring glutathione for activity, was demonstrated. 


Recent evidence has indicated that methanol early intermediate 
the bacterial oxidation methane. Brown and Strawinski (2) showed 
that formaldehyde was produced from methane and methanol resting cells 
Methanomonas methanooxidans the presence aldehyde trapping agents. 
the absence trapping agents both methanol and formaldehyde were con- 
verted formic acid the organism. Dworkin and Foster (4) demonstrated 
that the methane-utilizing organism Pseudomonas methanica could also oxidize 
methanol, formaldehyde, and formate. Both groups workers concluded 
that methane oxidation proceeded follows: 
Kaneda and Roxburgh (7) recently reported that 
organism capable growing the expense methanol oxidized this 
substrate formaldehyde via diphosphopyridine nucleotide linked alcohol 
dehydrogenase. 

Methanol oxidation has been under study this laboratory ancillary 
part program directed bacterial hydrocarbon oxidation. Methanol 
oxidation studies have been carried out with strain Pseudomonas methanica 
and the morphology and physiology the organism are described herein. 
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Materials and Methods 


Two mineral media amended with methanol were used for routine culturing 
the organism; the medium Dworkin and Foster (4), and medium con- 
0.05 tap ml. For routine cultures 100 the mineral medium 
which the reagent-grade methanol had been added was inoculated 
and incubation was carried out gyratory shaker 25° 

Larger quantities cells for enzyme studies were obtained growing 
the organisms Fernbach flasks each charged with liter medium. 
After incubation the gyratory shaker for days the cells were harvested 
and washed twice with distilled water. The cells were stored for 
hours prior use. Storage reduced endogenous respiratory activity 
but appeared have other effect. 

Cell-free extracts were prepared grinding 3-day-old cells with one 
third their wet weight levigated alumina for minutes Phosphate 
buffer (0.05 7.0) was added and after mixing thoroughly cell debris and 
alumina were removed centrifugation The resulting super- 
natant fluid, clear pink, viscous liquid, was used enzymatic studies. 
This crude enzyme preparation was further purified for absorption studies 
involving triphosphopyridine nucleotide (TPN) 
nucleotide (DPN) centrifuging for hour. The clear, brown 
supernatant liquid actively oxidized formaldehyde but retained methanol- 
oxidizing activity. 

Oxygen consumption whole cells and cell extracts was measured 
conventional manometry 30° 

Reduction DPN and TPN was measured the Beckman spectro- 
photometer 340 

Methanol was assayed modification the method Feldstein and 
Klendshoj standard curve was prepared from weighed quantities 

(11) specific chromotropic acid assay for formaldehyde was 
used for estimating formaldehyde. Standard curves were constructed from 
values obtained with the addition compound. 

Intracellular fat was stained according Burdon (3) using Sudan black 
and safranine counterstain. 


Experiments and Results 


Isolation and Description Organism 

The organism was isolated streaking soil suspension directly 
minerals-agar plate. Methanol was incorporated into the agar immediately 
prior its solidification or, alternately, methanol was placed 
filter paper which had been inserted the lid the petri plate before 
the plates were sterilized. Isolated colonies were picked and restreaked. 
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Fic. cells Pseudomonas methanica stained with Sudan black and 
safranine after the method Burdon (3). 


Harrington and Kallio—Can. J. Microbiol. 
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The isolate was small (0.3 0.7 Gram-negative, non-motile rod 
which possessed demonstrable capsule. The cells were catalase positive. 
Individual cells stained unevenly with Gram’s stain and appeared possess 
intracellular material which stained rather poorly. The mottled appearance 
was strikingly like that reported for methanica (4). Use Burdon’s 
fat stain (3) revealed that the unstained areas were sudanophilic. Each 
cell contained from one three such globules; however, most 4-day-old 
cells contained two globules, one each end the cell (Fig. nature 
the sudanophilic material under investigation. 

Colonies solid media corresponded the description methanica 
colonies reported Dworkin and Foster (4). Growth liquid media 
generally was the variety reported these authors and only 
occasionally did our strain exhibit homogeneous diffuse growth liquid 
cultures. The organism isolated from methanol enrichments produced pink 
pigment which, when extracted with chloroform from dried cells, exhibited 
absorption peak 507 my. Both organisms oxidized methanol, formal- 
dehyde, and formic acid. The Iowa strain did not exhibit the sensitivity 
phosphate reported Dworkin and Foster and did not require the agar- 
extract factor for growth. These observations plus the fact that other growth 
substrates tested (citrate, peptone, acetate, yeast extract, and higher alcohols) 
did not support growth prompted the conclusion that the methanol-utilizing 
organism was strain methanica. While there were some differences 
between the Dworkin and Foster isolate and the methanol-utilizing organism 
the important physiological characters appeared similar preclude 
other conclusions. The fact that methane was not utilized for growth the 
Iowa strain may have been reflection testing for methane utilization after 
the organism had been cultured methanol media for over year. seems 
possible that the ability use methane may have been irreversibly lost under 
such conditions culture. 


Intact Cell Studies 

Formaldehyde and formate did not support growth but resting cell suspen- 
sions the organism actively oxidized these compounds (and methanol). 
Oxygen consumption data are plotted Fig. Theoretical oxygen con- 
sumption values for the total oxidation were: 1.5 HCHO, 
1.0 and HCOOH, 0.5 The results were 60, 80, and 40% 
respectively the theoretical values for total oxidation. the case 
methanol, least, the difference between observed oxygen consumption and 
the theoretical value was due large measure oxidative assimilation 
since 2,4-dinitrophenol (DNP) would materially increase the total oxygen 
consumed. When 0.00025 DNP was present with methanol substrate 
1.25 per methanol were taken the system (Fig. 2). 
Whether the less than theoretical oxygen consumption values the case 
formaldehyde and formate are due oxidative assimilation not clear. 
DNP has effect the rate total oxygen consumption intact cells 
oxidizing formaldehyde formate. 
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Theoretical 


HCHO 

a 


HCOOH 
END 


° 10 20. 30 40 50 60 
Time in Minutes 


Fic. Oxidative behavior methanica. Each Warburg vessel contained: 
substrate indicated, 0.5 0.05 buffer (pH 7.0), and 0.5 
standardized cell suspension. ml; 


Formaldehyde was established intermediate methanol oxidation 
mixtures. The addition compound was assayed 
the specific chromotropic acid method and showed generally 25-30% con- 
version methanol formaldehyde. 

Methanol oxidation was inhibited virtually 100% 0.005 ethylene- 
diamine tetraacetic acid (EDTA) and 0.01 but neither 
compound had any appreciable effect formaldehyde oxidation. Complete 
reversal EDTA inhibition methanol oxidation was effected the addi- 
tion 0.1 (as Other cations were far less effective. 


Cell-free Enzyme Studies 

Crude enzyme preparations exhibited methanol-oxidizing activity when 
tested manometrically. All attempts demonstrate methanol dehydrogenase 
activity were uniformly unsuccessful. The procedure Keilin and Hartree 
(8, was used demonstrate the possible presence peroxidative attack 
methanol the enzyme preparations. Glucose and glucose oxidase were 
used generate constant supply and the results incorporating 
methanica extract and methanol into the primary peroxide producing system 
are shown Fig. The dependence methanol oxidation continuing 
supply clearly shown Fig. where two concentrations glucose 
and were used conjunction with constant amount 
methanol. The results Fig. have been corrected for the oxygen con- 
sumption the glucose glucose oxidase system; and the increase oxygen 
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Glucose Glucose Oxidase 
Extract 


40 


Glucose Glucose Oxidase 


Glucose 

a 

Moles 


Extract 


Glucose 


Time in Minutes Time in Minutes 


Fic. Peroxidative oxidation methanol extracts methanica. Each 

Warburg vessel contained: 0.5 0.05 phosphate buffer (pH 7.0) and, indicated, 

lucose, glucose oxidase, mg; methanol, enzyme extract, 0.5 ml. 
alues have been corrected for endogenous respiration. Vf=3.0 ml; 

Fic. Effect concentration methanol oxidation extracts methanica. 
Each vessel contained: methanol; 0.5 0.05 phosphate buffer, 0.5 
enzyme extract, glucose, and 0.5 glucose oxidase mg). Each value 
plotted has subtracted from both its corresponding endogenous oxygen uptake and the 
oxygen consumed the glucose glucose oxidase system the absence methanol. 


consumption, therefore, represents increased oxidation methanol. the 
basis these data the mechanism methanol oxidation methanica 
was postulated follows: 


Alcohol peroxidase 


Both intact cells and the crude enzyme extract rapidly decolorized methy- 
lene blue the presence formaldehyde suggesting that formaldehyde was 
oxidized via dehydrogenase. Enzyme extracts partially purified centri- 
fugation described under Methods reduced DPN the presence formal- 
dehyde but only when glutathione (GSH) was also present (Fig. 5). TPN 
was not reduced. The aldehyde dehydrogenase showed marked specificity 
for GSH since other —SH compounds would not function the cofactor 
capacity. Strict substrate specificity (Fig. was also characteristic 
the The optimal for the aldehyde dehydrogenase 
was general agreement with optima values found the literature 
tor aldehvde other sources (1. 12. 13) 
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Fic. Glutathione requirement for the reduction DPN cell-free extracts 
methanica. Backman quartz cuvettes cm) contained, indicated, 0.6 DPN, 
0.1 cell-free extract (Spinco supernatant fluid), HCHO, 2.5 GSH, and 

Fic. Substrate specificity aldehyde dehydrogenase from methanica. Condi- 


Discussion 


Since all attempts demonstrate alcohol dehydrogenase either intact 
cells crude alumina ground extracts methanica met with uniform fail- 
ure our results are difficult reconcile with those Kaneda and Roxburgh 
(7). should noted that DPN reduction the presence methanol 
reported these authors was very low. equally difficult understand 
the discrepancy between the high levels aldehyde dehydrogenase 
methanica and the apparent absence the enzyme the methanol-utilizing 
organism Kaneda and Roxburgh (PRL-W4). The ability PRL-W4 
use carbon sources other than methanol suggests that does not, however, 
conform the general definition methanica (4). Apparently the only 
way reconcile these diametrically different findings suggest two 
distinct pathways for methanol oxidation bacteria. The pathway proposed 
Kaneda and Roxburgh involves DPN-linked alcohol dehydrogenase 
and (possibly) DPN-linked aldehyde dehydrogenase. Findings this 
report show that methanol oxidized methanica via catalase-linked 
peroxidase formaldehyde which turn oxidized substrate specific 
aldehyde dehydrogenase requiring DPN and GSH. 

The substrate specificity aldehyde dehydrogenase from methanica 
particular interest since the alcohol peroxidase also oxidized alcohol. 
Intact cells methanica oxidized ethyl alcohol the extent 0.30 umoles 
alcohol. alcohol served best minimally carbon source. 
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large-scale resting cell experiments (conditions Fig. the 2,4- 
dinitrophenylhydrazone acetaldehyde was isolated and identified when 
ethyl alcohol constituted the oxidizable substrate; addition methanol did 
not increase the amount acetaldehyde produced from ethyl alcohol. 
attempt was made isolate identify acetic acid. Recently, Leadbetter 
and Foster (10) have shown that the strain methanica used them was 
capable oxidizing ethane although ethane would not serve growth 
substrate. From reaction mixture acetic acid and alcohol 
were isolated but the presence acetaldehyde could not demonstrated. 
The presence acetic acid and the absence acetaldehyde the environ- 
ment cells oxidizing ethane strongly suggest the rapid oxidation acetal- 
dehyde acetic acid. would most interesting compare the substrate 
specificities aldehyde dehydrogenase(s) isolated from the Texas and 
strains methanica since explanation for the virtual failure 
ethanol function growth substrate for the Iowa strain could well 
inability the organism oxidize acetaldehyde. the other hand 
this explanation does not account for the failure the Texas strain(s) 
methanica grow the expanse ethane. 
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IMMERSION REFRACTOMETRY SOME HALOPHILIC 
BACTERIA! 


Abstract 


The solid content several halophilic bacteria was estimated immersion 
refractometry. Values for extreme halophiles ranged from 32%, and 
for moderate halophiles from 45%. The solid content these organisms 
changed with variation the salt content the environment. thought 
that these differences are the result changes the water content the cell. 
Spheres (spheroplasts) had slightly lower solid content than the parent rods. 

uclear and other inclusion bodies, mostly lower refractive index than the 
cytoplasm, were noted. 


Introduction 


Von Angerer made rough estimation the refractive index bacteria 
1923 (13), but more exact information has awaited the development 
the principles and methodology immersion refractometry applied 
living cells (2, 8). Microorganisms are visible the phase microscope 
because their refractive index different from that the suspending medium. 
follows that the refractive index microorganisms may estimated 
adjusting the refractive index the suspending medium until the cells are 
longer visible. Since the refractive index solution depends the 
weight dissolved material and not much influenced the nature the 
solute possible estimate fairly closely the weight concentration the 
solute from the refractive index. These principles have been used estimate 
the solid content wide variety bacteria and fungi (5, 10). Media 
high refractive index have also been used study cellular inclusions, such 
nuclei and metachromatic granules, bacteria (7, 11). 

this report, the method Barer and Joseph (5) has been used deter- 
mine the solid content some representative halophilic bacteria see 
differences could found amongst these organisms group between 
the values obtained for these organisms and those reported for non-halo- 
philic bacteria. 


Materials and Methods 
Test Organisms 
Four extreme halophiles, seven moderate halophiles, and halotolerant 
yeast-like organism were used (Table I). The last was obtained from Miss 
Aschehoug, Stavanger, Norway; yellow coccus H5B (1) from Dr. 
Venkataraman, India; colorless rods 101 and 107 and white micrococcus 
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203SB from Prof. Mori, Nagoya University, Japan. The other organ- 
isms were obtained from the N.R.C. culture collection. 

The extreme halophiles were grown shaker 37°C medium 
containing casamino acids (Difco) 0.75%, yeast extract (Difco) 1.0%, tri- 
sodium citrate 0.3%, potassium chloride 0.2%, magnesium sulphate hepta- 
hydrate 2.0%, p.p.m., 0.1 p.p.m., sodium chloride required, 
usually 4.3 and adjusted 7.4. The other organisms were grown 
shaker room temperature medium containing proteose peptone 
(Difco) 0.5%, tryptone (Difco) 0.5%, and sodium chloride required. 
Solid media were prepared adding agar. Agar plate cultures the 
extreme halophiles were incubated plastic bags reduce evaporation. 
For comparison with the parent rods, spheres (presumably spheroplasts) 
Halobacterium salinarium and cutirubrum were made placing the cells 
heating cells 25% NaCl for minutes (1). 


Refractometric Procedure 

The procedure, general, consisted suspending the test cells protein 
solution and examining under phase microscope. The refractive index 
the protein solution was altered adding empirically either protein powder 
solvent until cells suspended this solution were longer visible under 
the microscope. The refractive index the bacteria was then approximately 
the same that the solution. 

Cells were centrifuged from broth cultures and washed twice sodium 
chloride solutions the same concentration the growth medium. Cells 
were transferred with inoculating needle directly from the pellet the 
test solutions and all experiments were conducted rapidly possible 
prevent drying the organisms. When agar cultures were used, drop 
test solution was touched colony and transferred with the adhering cells 
microscope slide. 

The test solutions contained approximately 40% protein dissolved 
salt solution usually the same concentration the growth medium. 
ally crystalline bovine plasma albumin (Armour Laboratories) was used but 
later fraction bovine albumin powder (Nutritional Biochemicals Corp.) 
was used for all tests. Dextran and polyvinylpyrrolidone were tried with 
several extreme halophiles but were unsatisfactory. Air bubbles and un- 
dissolved protein were removed from the solutions centrifuging for short 
period. Refractive indices the saline solvent and the test solutions were 
determined with Bausch and Lomb Abbé refractometer. Extinction points 
were determined with American Optical phase microscope (Bright 
objective, Since there certain amount subjectiveness deter- 
mining extinction points, all the observations reported were made one 
person 

The solid concentration grams per 100 cell volume was calculated 
from the formula where the refractive index the test 
solution point extinction, that the solvent (salt solution), and 
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the specific refractive increment, i.e., the increase refractive index the 
solution per increase the concentration. The generally accepted 
value for living cells 0.0018 (5). Since the sodium chloride content 
the cells compensated for the salt content the solvent, the values 
given throughout this paper represent the non-ionic solids present the cell. 


Results 


Some typical values for the solid content halophiles grown broth are 
given Table With one exception (V. costicolus salt albumin) 
the values for the halotolerant organism and moderate halophiles are higher 
than those for the extreme halophiles. 


TABLE 
The solid content halotolerant and halophilic bacteria grown broth containing different 
concentrations salt 


Sodium chloride 


concentration in: Solid 
Age content, 
Broth, Albumin, culture, g/100 
Organism moles moles hours 
Halotolerant 

45.0 

40.0 

45.0 

Moderate halophiles 

Vibrio costicolus 31.4 
39.1 

Micrococcus halodenitrificans 38.4 
4.5 40.5 

44.6 

4.5 36.0 

38.2 

43.1 

39.5 

Rod 101 38.1 
Rod 107 38.1 


Extreme halophiles 


Halobacterium salinarium 4.3 4.3 32.1 

3.0 3.0 32.3 
cutirubrum 4.3 4.3 
3.0 3.0 

halobium 4.3 4.3 32.3 
Sarcina litoralis 4.3 4.3 32.1 
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There was little difference between cells grown agar and broth except 
costicolus which consistently gave higher values agar (Tables and II). 

costicolus was also the only moderate halophile which age affected the 
solid content; young agar-grown cells contained less solid than older cells 
(Table II). With the extreme halophiles the reverse seemed true and older 
cells contained less solid (cf. Tables and III). 


TABLE 


The solid content some moderate halophiles when grown agar containing 
different concentrations salt 


NaCl concn. Age 
agar, albumin, culture, Solid concn., 
Organism moles moles hours g/100 

5.5 43.8 

45.1 

44.8 

45.7 

32.5 

39.4 

37.6 

37.4 

37.6 

39.6 

TABLE III 


The solid content spheres prepared from extreme halophilic rods 


Age Solid concn., 
Organism culture State cells tested 

Halobacterium salinarium Control rods 28.5 
Heat-produced spheres 28.1 
LiCl-produced spheres 28.1 
days Control rods 26.4 
spheres 28.1 
Halobacterium cutirubrum Control rods 31.4 
Heat-produced spheres 28.1 
LiCl-produced spheres 28.1 
days Control rods 
spheres 26.4 


Effect Salt Concentration 

Although the data are limited for the extreme halophiles, the solid content 
decreases slightly the salt content the medium increases. These small 
differences may the result systematic experimental deviation. the 
moderate halophile this trend quite apparent; costicolus 
and halodenitrificans, however, the trend the opposite direction and 
much more marked. 
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Cells the moderate halophiles grown salt and transferred pro- 
tein solution salt usually assumed the solid content cells grown 
salt. The reverse was also true. With costicolus and 
these changes solid content could almost predicted; halodenitrificans 
usually exceeded the expected value either direction. 


Solid Content Spheres 

Spheres salinarium and cutirubrum had the same solid content 
regardless the method preparation (Table III). all instances the 
spheres tended have lower solid content than the rods, except those 
produced from 15-day-old cells salinarium. This discrepancy may 
have been the result the age the cells damage during preparation. 
Transition forms possibly caused centrifugation, which were intermediate 
between rods and spheres, also had refractive indices lower than those the 
parent rods, although the values for the transition forms were not determined 
accurately. 

Spherical forms, free attached rods, and “rabbits’ ears’’, appear 
normally growing cultures costicolus and While 
definite measurements were not made, was noted that the spheres and 
ears’’ were always reversed contrast when the rods were con- 
sidered extinct, indicating that these forms contained less solids than the 
parent rods. 


Microscopical Observations 

The outline the cell was often revealed reversed contrast when the 
cytoplasm was considered near the extinction point, thus reflecting differ- 
ence solid content cell wall and cytcplasm. one occasion what were 
apparently transverse septa were seen young cells costicolus. 

Nuclear bodies were noted the moderate halophiles, especially 
halodenitrificans and these bodies were reversed contrast 
indicating that they are less dense than the cytoplasm. 
two bodies were observed short rods and four longer cells. halo- 
denitrificans contained bodies which were similar crescent-shaped polar 
bodies seen after treatment osmium-fixed cells. 

inclusion reversed contrast the Micrococcus, usually located the 
center the cell, appeared the same size and the same position 
sudanophilic granule which can shown this organism staining 
citric acid Sudan black These may polymerized 
acid. 

Inclusions different refractive indices were also observed. These were 
especially large and noticeable the halotolerant yeast-like organism 
where they occurred both the parent cell and its buds. The refractive 
index bud and parent cytoplasm was similar but both light and dark 
inclusion bodies could distinguished, indicating refractive indices greater 
less than the cytoplasm. 
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Discussion 


group, the halophiles studied have non-ionic solid content similar 
that reported for non-halophilic bacteria, i.e. between and 40%. These 
values are based specific refractive increment 0.0018 which Barer and 
Joseph (2) have chosen reasonable value for protoplasm. They state, 
‘it seems unlikely that this figure would error more than perhaps 
per cent., but course ignorance the exact value must always remain 
fundamental error the method’. This value slightly lower than the 
specific refractive increment for most proteins, since takes into consider- 
ation the lowering effect lipids and carbohydrates. the halophiles 
have higher protein content than most non-halophiles (12) possibly slightly 
higher value should taken for these organisms. However, even value 
for 0.0019 would lower the values obtained for solid content only 
about g/100 ml. Whether the proteins the halophiles differ from those 
non-halophiles other ways not known, but unlikely that the 
specific refractive increment would affected greatly. Increasing the salt 
concentration bovine serum albumin solution 0.5 does not increase 
the specific refractive increment significantly (9) and our own experience 
indicates that there little change even 4.3 sodium chloride. The 
differences noted between moderate and extreme halophiles were consistent 
and were observed several separate trials. Values did fluctuate when some 
organisms were transferred from one salt concentration another. The 
change solid content several organisms transfer from salt 
vice versa the order mole sodium chloride. However, since 
the salt content the external environment compensated for the value 
any change inorganic salt content the cell would noted only 
were considerably more less than that the solvent. Since prob- 
able that these cells rapidly reach osmotic equilibrium with the environment 
and the internal and external salt concentrations are about equal (6; and 
unpublished data, N.E.G.) more likely that the change noted the result 
withdrawal water. This probably means decrease size but since 
the increase solid content noted would mean decrease cell diameter 
about 0.1 would difficult measure the difference with cells 
small these. account has been taken the fact that only sodium 
chloride has been added the solvent, whereas potassium the predominant 
ion inside the cell (6; and unpublished data, N.E.G.). This would mean 
that the values for solids would slightly low. However, the solid content 
reported based non-ionic constituents and little information the 
total solids can obtained until more known the internal inorganic con- 
stituents and the effect changing osmotic pressure cell size and mor- 
phology. 

not known what effect the red carotenoid pigments the extreme 
halophiles may have their refractive indices; pigmented proteins have 
higher refractive increments than unpigmented proteins (2). 
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The reduced values solid content the heat- and LiCl-formed spheres 
are consistent with loss cell wall material. However, the changes are 
slight and may the result differences volume. Since little known 
what takes place during these cell transformations (1) difficult draw 
conclusions. 

The nuclear bodies observed were similar those seen 
Mason and Powelson (7) Escherichia coli. Other observations show 
the usefulness the method cytological studies. 
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THE PRODUCTION FRUCTOSE RESIDUE 
SUCROSE FERMENTATION TRICHOLOMA 


Abstract 


Tricholoma nudum, when grown media containing sucrose, hydrolyzes 
this sugar and utilizes the glucose preferentially. Eighty 85% the fructose 
remains the medium the completion glucose utilization. the fermen- 
tation stopped this point the mycelium can separated from the broth 
and the fructose recovered crystalline form syrup. 


Introduction 


Tricholoma nudum has been shown possible protein source (6, 7). 
During studies factors influencing growth and protein production this 
organism was found hydrolyze sucrose and utilize the glucose preferen- 
tially. Most the fructose remained the fermentation broth, and could 
recovered readily. Mycelium having high protein content was obtained 
by-product. This organism might, therefore, used the production 
fructose from sucrose sucrose-rich materials. This communication 
reports the results study optimum conditions for fructose production 
this method. 


Materials and Methods 


Cultural Methods 

culture nudum strain NRRL 2371, obtained from Dr. 
Hesseltine, U.S. Department Agriculture, Peoria, was 
maintained malt agar slants 15° 


Media 

Unless otherwise stated, the basal medium contained, per liter, 
and Other constituents were added this medium shown. 

Inoculum was grown Erlenmeyer flasks containing 200 
the basal medium which cerelose (commercial grade glucose 
monohydrate) and neutral ammonium tartrate per liter were added. 
The culture flasks were incubated hours 24° rotary shaker having 
eccentricity in., operated Five per cent inoculum was 
used for all fermentations. The molasses medium contained, per liter, 
5.0 with hydrochloric acid. 
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Larger scale fermentations were run 5-liter stainless-steel fermentors (8) 
10-liter (working volume) fermentor with glass jar. The latter fer- 
mentor was set for automatic control using Beckman model 
automatic titrator adjust the 3.5 with ammonium hydroxide. The 
stainless-steel fermentors were operated 400 r.p.m., air flow rate 
liter/minute, and temperature 25°C. the 10-liter fermentor the air 
flow rate was liters/minute. Lard oil was used antifoam when required. 


Analytical Methods 

Total carbohydrates were determined the anthrone method described 
Neish (4). 

Fructose was determined colorimetrically the method described 
Paech and Tracey (5) using wave length 450 

Paper chromatographic separation sugars was done using Whatman 
No. filter paper and solvent containing ethyl acetate, acetic acid, and 
water (9:2:2 v/v). The papers were sprayed with solution p-anis- 
idine hydrochloride butanol and heated 120° for minutes (3). 

Fructose was recovered treatment the supernatant liquid with ion 
exchange resins (2), evaporation the eluate syrup, and crystallization 
from ethanol. 


Results and Discussion 


Table shows the hydrolysis sucrose and disappearance glucose 
during the fermentation medium containing initially sucrose. After 
hours glucose could detected and the total carbohydrate concentration 
was then 1.9%. Most the original fructose was still present. The rate 
utilization fructose, during the remainder the fermentation, was 
slower than that glucose. 

The yield fructose was greatest when the initial sucrose concentration 
was (Table II). The time required for complete glucose utilization 
increased the initial concentration sucrose was increased, and the per- 
centage total carbohydrate utilized the glucose end point likewise in- 
creased. 

Sugar beet molasses could used also carbohydrate source (Table 
The course the fermentation was similar that observed when sucrose 
was the substrate, though the yields fructose were slightly lower. The 
yields crystalline fructose recovered from molasses fermentation liquors 
were much lower, however, because the presence interfering substances 
molasses which inhibited the crystallization fructose. 

Raffinose was utilized readily the organism (Table III). monosac- 
charides, however, were detected the medium any stage the fermenta- 
tion. This was unexpected, since sucrose, previously noted, was hydrolyzed 
rapidly its constituent monosaccharides before the latter were utilized. 
Fructose, galactose, and glucose, well the disaccharides sucrose and 
melibiose, are utilized readily the organism (unpublished data) and may 
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TABLE 
Fermentation sucrose Tricholoma nudum* 
Time Total Conversion Ketose Sugars 
after carbohydrate total Ketose present, detected 
inoculation, present, carbohydrate, present, initial paper 
mg/ml mg/ml carbohydrate chromatogram 
28.4 29.0 19.7 gft 
27.6 31.0 19.4 48.5 
25.6 36.0 19.4 48.5 
23.4 41.6 19.8 49.6 
47.0 19.8 49.6 
19.0 19.8 49.6 
18.2 54.5 17.0 42.5 
16.4 59.0 15.5 38.8 
16.0 60.0 13.8 34.5 


*Medium: Basal medium plus, per liter, 40 g sucrose (commercial) and 5 g ammonium sulphate. pH controlled 
automatically at 3.5 by addition of concentrated ammonia. 
glucose, f=fructose. 
Glucose end point. 


TABLE 


Fermentation different concentrations commercial sucrose and sugar beet 
molasses Tricholoma nudum 


Carbohydrate Ketose 


Carbo- converted Ketose Time 
hydrate Sugars present glucose glucose yield, glucose 
end point, end point, total end point, 
Start Finish mg/ml carbohydrate 
Sucrose* 
Molassest 


*In 10-liter glass jar fermentor. Medium Table 
stainless-steel fermentors. 
=glucose, f=fructose. 


TABLE III 
Fermentation raffinose Tricholoma nudum* 

Time after Total raffinose Consumption Sugars detected 
inoculation, present, raffinose, paper 

mg/ml chromatogram 

14.0 30.0 

13.2 34.0 

36.5 

10.5 47.5 

9.4 53.0 

8.0 60.0 

6.7 66.6 

4.4 78.0 


*Medium: Basal medium, plus, per liter, raffinose plus ammonium sulphate, 10-liter glass jar fer- 
= at controlled at 3.5 by automatic addition of ammonia. 
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not accumulate sufficient concentration permit detection. Alternatively, 
the raffinose molecule may utilized intact. This phenomenon being 
studied further. 


The reasons for the accumulation fructose the medium during growth 


the organism substrates containing sucrose are not known. Glucose, 
either alone the presence fructose, utilized slightly more rapidly 
than the latter. The difference rate insignificant factor the accu- 
mulation, but may indicative greater affinity for glucose enzyme 
associated with the assimilation glucose and fructose. Glucose may 
inhibitor fructose assimilation. 


The fermentation can stopped when glucose assimilation complete 


removing the mycelium filtration The mycelium can washed 
and dried for use foodstuff (1). Crystalline fructose can recovered 
from the broth interfering substances are removed from the latter 
means ion exchange resins (2). The yield crystalline fructose from 
single batch containing initially sucrose was 49%, based the fructose 
present the original sucrose, 66%, based the free fructose content 
the broth the end the fermentation. The remaining fructose occurred 
non-crystallizable syrup. 
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DEVICE FOR OBTAINING MUTANTS WITH IMPAIRED 
MOTILITY! 


LEWIN 


Abstract 


the use simple device employing source U.V. light, Euglena cell sus- 
pensions were subjected simultaneous mutagenic irradiation and selection 
against the ability swim. Among the survivors, mutants with impaired 
motility predominated. 


Introduction 


Mutants Chlamydomonas with genetically impaired motility 
can readily isolated from suspensions subjected ultraviolet irradiation (2). 
The flagella some strains are too short functional; those others, 
though average length, are incapable normal movement. Attempts 
isolate similar mutants Euglena, using techniques adapted for 
monas, were unsuccessful. The following device was therefore developed 
specifically for the induction and selection paralyzed mutants. Essentially, 
constructs artificial environment which motility confers selective 
disadvantage cells, contrast conditions nature. 


Materials and Methods 


Euglena gracilis var. bacillaris, obtained from the Haskins Laboratories, 
New York, was cultured light minimal nutrient medium 
(Table I). 


TABLE 
Nutrient medium (modified, after Hutner (1)) 
0.2 g/l. Cobalamin 1.0 
0.1 Trace elements (B, Co, Cu, Fe, 
citrate 0.2 Mn, Mo, 


The general features the device are illustrated Fig. consisted 
ultraviolet light source shielded within vertical metal canister, the sides 
which were perforated with horizontal row holes diameter, 
providing restricted beams radiation. The U.V. source was 
Sterilamp” bulb, 3.5 connected 110-v a-c. line series with 
dropping resistor, 40-w incandescent bulb, recommended the manu- 
facturer (Westinghouse Electric Corporation). According information 
supplied, the intensity radiation 2537 was approximately 0.15 mw/cm? 
cm, the distance the tubes from the source. test tube high-silica 
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glass, mm, containing suspension cells nutrient medium, was 
set outside each hole, its height adjusted that the emergent U.V. beam 
irradiated the upper layers the liquid. The tubes employed were Corning 
No. 7910, stated transmit 70% light 2600 through 
thickness mm. The device was maintained under suitable growing 
conditions 22° with external illumination from bank white fluorescent 
lights, providing about 2000 lux, adequate for photosynthetic growth the 
cells. 


Fic. section the apparatus (not scale). 

T-1 Tube with cell suspension—control, not irradiated U.V. light. 
T-2 Tube with cell suspension—irradiated U.V. light upper layer. 
Glass caps Central Scientific Co.). 

U.V. “Sterilamp”, source U.V. light for mutagenesis. 

Fluorescent tubes, source white light for photosynthesis. 


The rationale such device follows. Cells capable normal activity 
tend swim and enter the range the U.V. beam, where, they remain 
long enough, they are killed. Cells receiving lower doses may sustain cyto- 
plasmic nuclear damage which impairs motility, that they sink out 
the region damage. capable growth and division, such cells can 
multiply the bottom the tube, but any recovery motility among the 
progeny brings with the renewed danger U.V. irradiation and death. 
After some time, number mutants with impaired motility may expected 
occur together with the dead and injured cells accumulating the bottom 
the tube. 


Results 


Experiment 

was first necessary ascertain whether damaging effects were trans- 
mitted downwards appreciable extent below the U.V. beam, either 
internal reflection refraction the rays, diffusion inhibitory prod- 
ucts which might formed the irradiated medium. examine these 
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PLATE 


Fic. Petri dish containing semisolid agar medium, showing colony form variants 
arising from cells Euglena gracilis after U.V. irradiation. The large, diffuse colonies 
are wild-type; most the smaller ones are mutants with impaired cell motility. 
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LEWIN: MUTANTS WITH IMPAIRED MOTILITY 


contingencies, tubes containing dispersion cells 1.0% agar were 
irradiated zone below the surface. the end weeks, the 
killing appeared restricted the region the U.V. beam, whereas above and 
below this zone growth was somewhat stimulated, probably due reduced 
competition for nutrients diffusion lysates from killed cells. 


Experiment 

Twelve-milliliter aliquots actively growing culture Euglena were 
dispensed into four tubes. Two were set beside U.V. beams, and two, shielded 
aluminum foil, were maintained controls. After weeks the numbers 
green and apparently living cells the control tubes were ca. 
The suspensions were mixed, and, suitable dilutions, equal samples con- 
taining cells were dispersed molten 0.6% agar medium 
40° poured into sterile Petri plates, and illuminated. After days, all 
the colonies from the non-irradiated tubes appeared uniformly large and 
diffuse, due migration the cells through the semisolid medium, whereas 
those subjected U.V. irradiation exhibited different colony types (Fig. 
and Table II). 


TABLE 
Colony types obtained plating from irradiated tubes (experiment 


Colony type Tube Tube 
109 
Mutants with impaired motility 


Twenty colonies from each plate were transferred tubes fresh liquid 
medium, and after weeks the cells were examined microscopically. Type 
colonies produced dense suspensions normal, wild-type cells, typically 
straight, capable contraction but soon returning the original cigar 
shape, and actively swimming means the flagellum. Cells type 
colonies, from both U.V. irradiated tubes, grew more slowly than wild-type, 
and tended accumulate the bottom the culture, though capable 
erratic swimming. Most were deformed, bent, twisted one two coils, 
the coiling probably related the helical arrangement the pellicular fibrils. 
Some cells were flattened into oblate spheroids. constant 
change shape characteristic cells this genus—was active, but many 
cells flagellar movement frequently ceased. Growth from type colonies 
was likewise slow, most cells occurring dense clumps the bottom. They 
were straight, somewhat shorter than wild-type, and exhibited almost 
metaboly. Most showed sign flagella, some had short flagella, while 
few with apparently normal flagella were capable slow swimming. Typed, 
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white mutants, are not infrequent Euglena cultures subjected various 
treatments (3) and were not examined further. All four types persisted 
unchanged subculture. 


Experiment 

Five replicate tubes were set with initial density 10° cells per 
milliliter, somewhat higher than experiment After weeks, when the 
viable-cell count, estimated microscopic observation, had fallen ca. 
samples were diluted and plated before semisolid medium. 
After weeks’ growth, representative colonies were selected from each 
plate and subcultured liquid medium. Microscopic examination the 
cells these cultures after further weeks revealed two three predominant 
mutant types within each series, i.e. from each original tube. The results 
are summarized Table III. 


TABLE III 
Mutant types selected colonies (experiment 
Slow growth, cell shape normal 


strain was found which the cells had wholly lost the ability contract 
and expand metaboly, though this activity was less evident cells types 
none the strains isolated were the cells uniformly furnished 
with flagellum. cultures type about 90% the cells 
lacked external flagellum, but some bore short flagellum, usually held 
rigidly angle the cell axis. The physiology this mutant type 
now being studied. 

the use this device, but with different media, several non-motile 
mutants have also been obtained from the colonial flagellate Pandorina morum 
(Volvocales). 


Discussion 


the two irradiated tubes experiment respectively 37% and 79% 
the surviving cells were genetically impaired motility. Mutants with 
negative phototaxis, which might also have been expected, were not observed. 
information provided the rates mutation, since the processes 
growth, mutation, photoreactivation, and differential selection proceeded 
concurrently. Possibly only one two mutational events occurred each 
tube; the paucity different mutant types isolated points this likelihood. 


LEWIN: MUTANTS WITH IMPAIRED MOTILITY 


Résumé 


employant appareil simple pourvu d’une source lumiére ultra- 
violette, des suspensions cellulaires d’Euglena furent soumises simultanément 
mutagénique une sélection contre nager. Parmi 
les survivants, les mutants motilité endommagée prédominaient. 
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BIOSYNTHESIS 


Abstract 


Streptomyces sp. (PRL 1642) was grown complex medium containing 
either The antibiotic isolated 
from the culture was identified valinomycin and hydrolyzed give L-valine, 
D-valine, acid, and acid. the 
medium was incorporated equal extent into the and por- 
tions the antibiotic, lesser extent into the portion, 
and not all into the lactyl portion. The was present only the carboxyl 
groups the labelled hydrolytic products the antibiotic. 
the medium was incorporated only slight extent into the antibiotic and 
mycelium. 


Introduction 


Valinomycin, antibiotic produced Streptomyces fulvissimus, was 
isolated and characterized Brockmann al. (3, Its most probable 
structure (Fig. has two L-lactyl-L-valyl and two 
valyl radicals joined together ring containing alternating amide and ester 
linkages. Other antibiotics similar cyclic structure are amidomycin (19), 
which contains four radicals, and the enniatins 
(14, 15), which contain two molecules acid and two 
molecules branched chain N-methylated amino acid. Nothing has been 
reported previously the biogenesis these antibiotics. the present 
work, was found incorporated into the L-valyl, 
and portions valinomycin. 


Materials and Methods 


The inoculum, prepared described Taber and Vining (18), consisted 
0.3 0.5 spore suspension spores per milliliter distilled 
water) Streptomyces sp. (PRL 1642). The organism was grown aerobi- 
cally 500-ml Erlenmeyer flasks containing 2.5% glucose, 2.5% 
Difco yeast extract distilled water, adjusted 7.2 before autoclaving, 
and separately autoclaved (total volume ml). The flasks 
were incubated 30° for days Gump rotary shaker (110 r.p.m., 
radioactive valine was used, 300 medium experiment and 2000 


Isolation Valinomycin 

After growth, the flask contents and aqueous washings were pooled, acidified 
and centrifuged. The residue was washed once with water, 
then suspended equal volume methanol and recentrifuged. This 
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methanol extraction was repeated four times, the methanol washings were 
taken dryness under reduced pressure, extracted with small amount 
hot (4:1), and the extract put alumina column (Woelm 
acid aluminum oxide, Research Equipment Corporation, Berkeley, California) 
2.5 diameter and long, which had been prepared The 
column was washed first with CCl, and then increasing concentrations 
ethanolin Fractions from the column were tested for antibiotic activity 
using disk assay with Candida albicans (18). The active fractions were 
combined, evaporated, dissolved and rechromatographed 
alumina column (see above) which had been prepared 10% ethanol 
and then washed thoroughly with The column with CCl 
followed ethanol CCl. Fractions active against Candida albicans 
were combined, evaporated, and the solid material heated overnight 
horizontal sublimation tube and 0.03 pressure. yellow oil 
distilled over and was discarded. The tube was then heated overnight 
200° and 0.03 pressure. Valinomycin and some oily material distilled 
over. The valinomycin was recrystallized from aqueous ethanol several times, 
filtering through coarse sintered glass funnel separate the crystalline 
valinomycin from the turbid mother liquors. the melting point was low, 
was finally purified second high vacuum sublimation. The melting 
point the product was mixed melting point with authentic 
valinomycin authentic sample All melting points 
were taken with Leitz hot stage microscope. The infrared spectrum the 
product was the same that authentic valinomycin. The yield the 
experiments reported here was per liter medium. 


Degradation Valinomycin 

Radioactive valinomycin was diluted with carrier give 
200-mg sample, which was hydrolyzed the procedure used Vining and 
Taber for amidomycin (19). After ether extraction, the alkaline hydrolyzate 
was concentrated, acidified approximately with and then eva- 
porated dryness under reduced pressure. The acids the hydrolyzate 
were dissolved few milliliters chloroform and chromatographed 4-g 
silicic acid column (12). was eluted with 
chloroform and with butanol benzene. The acids 
were extracted into weak alkali, evaporated dryness, and hydrolyzed sep- 
arately with 100°C for hours sealed tube. These acid 
hydrolyzates were extracted continuously with ether overnight. The pro- 
cedure Vining and Taber (19) was used isolate a-hydroxyisovaleric acid 
from the appropriate ether extract, and the acid collected section the 
sublimation tube cooled ice bath. was identified comparison its 
infrared spectrum with authentic sample D-a-hydroxyisovaleric acid 
prepared from the method Fischer and Scheibler (7). The 
melting point the acid isolated from valinomycin was 65.5° mixed 
melting point with authentic acid 67° mixed 
melting point with acid (7) 83° after fusion 
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around 60° form new crystals. The mixed melting point authentic 
and acids was 83°C. These results indicate 
that the acid from valinomycin has the agreement with the 
results obtained Brockmann and Geeren (3). 

Lactic acid was extracted into weak alkali from the appropriate ether extract, 
and determined colorimetrically (12), and with L-lactic dehydrogenase (9). 
The two determinations agreed within 6%, showing that the lactic acid has 
the L-configuration. 

The aqueous layers remaining after ether extraction the hydrolyzates 
were taken dryness reduced pressure, made slightly alkaline with sodium 
hydroxide, and desalted with Dowex-1 resin, hydroxide form The valine 
was recrystallized from aqueous ethanol, and identified infrared spectrum. 
The was —26° (c=1.2) for the valine isolated with hydroxy- 
isovaleric acid and +22° (c=1.6) for the valine isolated with lactic acid. The 
quantities valine were small (about HCl) and the observed 
rotations small (about 0.5°) the results are only approximate. However, 
commercial samples and L-valine (Nutritional Biochemical Corporation, 
Cleveland, Ohio) had —27° and +21° the concentrations used 
above. 

Valine was decarboxylated with ninhydrin (8), while nitrogen was passed 
through the reaction mixture and absorption tubes. Isobutyraldehyde was 
trapped the first absorption tube with excess 2,4-dinitrophenylhy- 
drazine and carbon dioxide the second absorption tube with 
barium hydroxide. The 2,4-dinitrophenylhydrazone and the barium car- 
bonate were filtered off, washed with water, dried, and used directly for deter- 
mination radioactivity. 

experiment a-hydroxyisovaleric acid was oxidized with permanganate 
method used for the oxidation lactic acid (12), and the products isolated 
reported above for valine decarboxylation. The yield slow dropwise 
addition permanganate was better than faster addition, and the best 
yield isobutyraldehyde 2,4-dinitrophenylhydrazone and barium carbonate 
was 


Valine from Mycelium and Medium 

Methanol-extracted mycelium was hydrolyzed sealed tube with 
vacuo, dissolved small amount water, the adjusted approxi- 
mately 2.4 with sodium hydroxide, and the solution filtered. The filtrate 
was chromatographed column Amberlite CG-120, long and 2.5 
diameter, room temperature using 0.2 citrate buffer, 3.25, the 
eluant (11), and 5-ml collections were made with fraction collector. Valine 
emerged from the column after approximately liters eluant had been col- 
lected. Fractions were tested circular paper chromatography with the 
solvent system secondary butanol ammonium hydroxide (3:1) and those 
fractions containing only valine were pooled, acidified about and 
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desalted passage through Dowex-50 and then Dowex-1 columns 
long and 1.5 diameter (13). The valine was recrystallized from aqueous 
ethanol sublimed 0.03 and 130° 

The amino acids were removed from the uninoculated medium 
200 centrifuged medium the end the experiment treatment with 
Dowex-50 and Dowex-1 resins (see above), and the valine was isolated 
described. Valine was isolated from Difco yeast extract before and after 
hydrolysis for hours 100° essentially the same method 
used for mycelium hydrolyzate, and valine determined colorimetrically (20). 


Isotopic Compounds 

was obtained from the Commercial Products Division, 
Atomic Energy Canada, Ottawa. About was oxidized 
with dialyzed rattlesnake venom and catalase Warburg vessel (10), and 
about minutes, when oxygen uptake had stopped, carrier 
DL-valine was added and the enzymes allowed oxidize this completion. 
The contents the vessel were desalted Dowex-50 and Dowex-1 resins 
(see above), diluted with 170 and recrystallized from aqueous 
ethanol. similar oxidation with dialyzed hog kidney acid oxidase 
(2) was used obtain which was diluted with carrier L-valine 
and recrystallized. experiment was diluted with 
D-valine per flask, and experiment D-valine-1-C was added per 
flask. experiment was added per flask. 

Carbonate samples were converted carbon dioxide with sulphuric acid 
and other samples oxidized carbon dioxide (5). Radioactivity was deter- 
mined with ionization chamber and vibrating reed electrometer (16), 
and duplicate samples usually agreed within +5%. 


Results and Discussion 


Vining and Taber (19) have shown that Streptomyces sp. (PRL 1642) 
produced antibiotic, amidomycin, which complete hydrolysis gave only 
D-valine and acid. However, this culture appears 
have lost its ability form amidomycin, and the antibiotic isolated this 
work had the characteristics valinomycin. The antibiotic was found 
sublime 0.03 and temperatures 180° and higher, and sublimation 
from the crude oily extract was used purify the material. Brockmann and 
Schmidt-Kastner (4) state that valinomycin does not sublime under high 
vacuum but they did not report the temperatures tried. However, sample 
valinomycin, kindly supplied Dr. Brockmann, sublimed under the con- 
ditions used here. other characteristics such melting point, infrared 
spectra, and identity the products obtained hydrolysis, the antibiotic 
investigated here the same valinomycin (3, The results degrada- 
tions experiment after experience had been gained with previous experi- 
ments, are perhaps the best evidence that the antibiotic investigated here was, 
fact, valinomycin. Alkaline hydrolysis the antibiotic gave yield 92% 


MacDONALD: BIOSYNTHESIS 


and 96% L-lactyl-L-valine, determined 
titration with sodium hydroxide. The 
acid hydrolysis gave yield 93% acid and 90% 
recrystallized D-valine. The L-lactyl-L-valine acid hydrolysis gave yield 
96% acid and 87% recrystallized L-valine. The specific activities 
the degradation products accounted for 103% the specific activity 
valinomycin experiment and 100% experiment (Table addi- 
tion, experiment alkaline hydrolysis the antibiotic without the addition 
carrier gave two acids which behaved like D-a-hydroxyisovaleryl-p-valine 
and the chromatographic separation and were obtained 
yields 95% and 99%, respectively. 


TABLE 


Isotope distribution valinomycin produced Streptomyces sp. 
PRL 1642 grown medium containing isotopic valine 


Degradation products of valinomycin, 
specific activity 


Compound added and Valinomycin, activity, 
Experi- specific activity* specific isovaleric Lactic 
ment uninoculated medium activity Valine Valine acid acid /mg 
5.25 
L-valine-1-C™ 4.15 0.76 0.73 0.58 <0.004 
0.78 0.007 0.004 
3t L-Valine-1-C™ 0.38 1:14 0.22 0.22 0.15 <0.004 0.09 


*Specific activity = microcuries/millimole. 
tSpecific activity after growth of the organism for: valine in medium = 0.25, valine in mycelium = 0.28. 


experiment (Table the specific activities and 
were calculated the basis carrier D-valine added per 
flask and 38.7 carrier L-valine present per flask. The latter figure the 
amount valine added the yeast extract and was obtained isotope dilu- 
tion analysis results obtained experiment where the radioactivity and 
concentration L-valine-1-C added was known, and valine was isolated from 
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portion the uninoculated medium and its radioactivity determined. The 
results experiment show that when was added the med- 
ium, radioactivity was incorporated into the L-valyl, and 
isovaleryl portions valinomycin. this experiment alone one cannot 
tell whether the added both these com- 
pounds, was incorporated into valinomycin. Experiment (Table shows 
that the medium incorporated poorly into mycelium and 
into valinomycin, for the specific activity valinomycin was only that 
the experiment the specific activity (microcuries/milli- 
mole) the valinomycin was three times that the the med- 
ium the start the experiment and this figure agreed with that obtained 
experiment where the specific activity valinomycin was 3.4 times that 
the certain, therefore, that the major part the activity 
incorporated into valinomycin experiment arose from labelled L-valine 
the medium, and only small amount from labelled 

Escherichia coli has been shown concentrate L-valine, but not 
intracellularly (6). this happened with Streptomyces PRL 1642, poor in- 
corporation into valinomycin would expected. Alternatively, 
the poor incorporation could explained L-valine were the precursor the 
labelled portions valinomycin, and intracellular had 
changed before its incorporation into the molecule. The problem 
whether L-valine was the precursor part antibiotic also arose 
studies the biosynthesis penicillin, but this instance the incorpora- 
tion into penicillin and the mycelium was relatively high (1). 
The results experiments with substances such DL-isoleucine which in- 
hibited incorporation the activity from D-valine, but not from L-valine, into 
the mycelium the organism and larger extent into penicillin, were taken 
evidence that L-valine was the precursor the penicillamine moiety, which 
has the the present work, the yeast extract used 
the medium contained about isoleucine,? presumably the L-isomer, and 
the incorporation activity from D-valine into valinomycin was low that 
attempts inhibit further are not feasible. However, the efficiency 
incorporation radioactive valine the medium into valinomycin compared 
with its incorporation into the mycelium was greater for L-valine than for 
(compare ratios 1.14/0.09 with 0.007/0.004, Table and this may 
taken evidence that intracellular L-valine and not D-valine the precursor 
the labelled parts valinomycin. Further investigations will necessary 
for better proof this postulate. 

experiments and (Table I), the reason for the lower specific activity 
the valyl portions valinomycin compared with the added 
the medium appears owing, part least, dilution the radio- 
active valine with valine synthesized the organism during the course 
the experiment. The specific activity the valine the mycelium and med- 
ium the end experiment (Table was 74% and 66%, respectively, 


communication (1955) from the late Schoenlein, Difco Laboratories, 
Detroit, Mich. 
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that the initially present the medium, while the and 
L-valyl portions valinomycin had specific activity 58% that the 
initially present. concentration valine hydrolyzed 
yeast extract was only higher than unhydrolyzed yeast extract showing 
that most, not all, the valine present free amino acid. unlikely, 
therefore, that the fairly large decrease specific activity valine during 
growth the organism owing release valine from proteins and peptides 
the yeast extract. 

There was little, any, randomization activity from supplied L-valine-1- 
during its incorporation into the labelled portions valinomycin. 
experiment the and L-valine from the degradation valinomycin were 
pooled and degraded, and 89% the activity found the carboxyl group 
and less than the rest the molecule. experiment the 
isovaleric acid was degraded and 90% the activity found the 
group and less than the rest the molecule. appears from these 
results and from the high incorporation labelled L-valine that the carbon 
skeleton L-valine the media incorporated intact into the L-valyl, 
and portions the valinomycin. activity was 
found the portion the molecule, which must arise from compounds 
other than L-valine. 

The and portions valinomycin were equally labelled from 
the medium (Table I), indicating common precursor for 
these two parts. The portion, however, has lower 
specific activity than that the valyl portions, which may mean that 
derived from precursor which derived lesser extent from valine than 
the precursor the valyl portions valinomycin. These results indicate 
that unlikely that the antibiotic made from dipeptides which undergo 
replacement the free amino group group prior cyclization. 
this were so, the precursor would 
and the and D-a-hydroxyisovaleric acid obtained 
from the valinomycin would expected have the same specific activity. 
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THE PSEUDOMONAS-ACHROMOBACTER GROUP! 


HAROLD Moore? AND PICKETT 


Abstract 


Fifty-three strains nonpigmented Gram-negative rods which failed 
produce acid Kligler’s iron agar were studied. Detailed examination revealed 
that many strains had been incorrectly identified Alcaligenes. Sixteen strains 
were identified Pseudomonas aeruginosa, and was concluded that important 
identifying this species are: (1) acid production from glucose, 
arabinose, and xylose, but not from lactose; (2) the ability liquefy gelatin; 
(3) good motility and production gaseous nitrogen motility—nitrate 
medium; and (4) positive gluconate test. Thirty-seven strains appeared 
members the genus Achromobacter and all produced acid from one more 
carbohydrates. These strains were divided into three groups the basis (1) 
activity gelatin, (2) nitrate reduction, and (3) motility. Some strains resembled 
Pseudomonas aeruginosa such characteristics reduction nitrate molec- 
ular nitrogen and oxidation gluconate 2-ketogluconate, but differed 
that they neither liquefied gelatin nor peptonized and reduced litmus milk. 
More important, they had peritrichous flagella. 


Introduction 


Gram-negative heterotrophic rods which form nonpigmented colonies, have 
relatively nonfastidious requirements for growth, and fail produce acid 
from carbohydrates peptone media are commonly placed the genus 
Alcaligenes. Galarneault and Leifson (6) emphasized that many organisms 
labeled Alcaligenes differ flagella arrangement and physiology and therefore 
cannot all members this genus. Some these may attack carbohydrates 
oxidatively but not fermentatively and belong the genus Pseudomonas 
Achromobacter, strains Bacterium anitratum. Acid production 
such strains detectable either the method Hugh and Leifson (9), 
which growth media with low peptone and relatively high carbohydrate 
concentrations are used, ‘‘rapid methods such those 
Pickett al. (12, 13) and Hoyt and Pickett (8) which employ menstrua that 
lack peptone and rely upon massive inocula and little growth. Other 
organisms, such Bordetella bronchiseptica and the recently described Lopho- 
monas alcaligenes (6), not attack carbohydrates, but are identified the 
basis other morphological and physiological characteristics. 

The studies reported here are based upon examination collection 
cultures which were received Gram-negative nonfermentative rods ques- 
tionable identity, but usually labeled Pseudomonas Alcaligenes. compar- 
ative study was made order determine the frequency with which organisms 
are erroneously identified Alcaligenes and clarify some the charac- 
teristics Pseudomonas and Achromobacter. 
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Materials and Methods 


The cultures examined and available information concerning them are 
included Table 


Strain No. 


Source 


Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 


Urine 
Urine 
Urine 
Urine 
Urine 
Urine 
Urine 
Urine 
Unknown 
Unknown 
Unknown 
Desert soil 
Desert soil 
Desert soil 
Unknown 
Urine 
Unknown 
Unknown 
Unknown 
Unknown 
River mud 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Urine 
Urine 
Unknown 
Unknown 
Unknown 
Unknown 


TABLE 


List cultures 


Designation 


None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Pseudomonas, atypical 
Pseudomonas, atypical 
Pseudomonas 
Pseudomonas 


Alcaligenes faecalis 
faecalis 
Alcaligenes sp. 
Alcaligenes faecalis 
Alcaligenes sp. 
Alcaligenes sp. 
Alcaligenes sp. 
Alcaligenes sp. 
None 


Isolated with soil fungi 
Isolated with soil fungi 
Isolated with soil fungi 
Mixed culture with Pseudomonas 
Alcaligenes faecalis var. radicans A.T.C.C. No. 212 
Alcaligenes faecalis A.T.C.C. No. 9220 
Bordetella bronchiseptica, urease negative 
Alcaligenes faecalis 
culture with Pseudomonas 

one 


Alcaligenes sp. 
Paracolon? 


P-1 
P-3 
P-5 
P-6 
P-7 
P-10 
P-11 
P-12 
P-13 
P-14 
P-15 
P-16 
A-1 
A-2 
A-3 
A-4 
A-5 
A-6 
A-7 
A-8 
A-9 
A-10 None 
A-11 None 
A-12 
A-13 
A-14 
A-15 
A-16 
A-17 
A-18 
A-19 
A-20 
A-21 
A-22 
A-23 
A-24 
A-25 
A-26 
A-27 None 
A-28 None 
None 
A-30 
A-31 
A-32 
A-33 
A-34 
A-35 
A-36 
A-37 
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Cultures were transferred Kligler’s iron agar slants (Difco) and long 
slants heart infusion agar (Difco) screw-cap tubes. After 
incubation 37° for hours, reactions Kligler’s iron agar were recorded. 
Conventional media described Diagnostic Procedures and Reagents (3) 
and medium (see below) were inoculated from the infusion 
agar slants. The remaining growth each slant was suspended 1.5 
sterile distilled water give concentration approximately cells 
per milliliter for inoculating the media used the rapid tests Hoyt and 
Pickett (8). The inoculum for each test, except gelatin, was 0.1 sus- 
pension. For the film strip gelatin test, 0.5 suspension was used. 

Determinations acid production from carbohydrates, the production 
indole and acetylmethylcarbinol, and the liquefaction gelatin 
formed described Hoyt and Pickett (8). Motility and nitrate reduction 
were determined medium prepared from tablets which resembled those 
for motility and sulphide tests (Pickett (13)), but which contained 0.1% 
potassium nitrate and lacked /-cystine. The ability organisms oxidize 
gluconate 2-ketogluconate was examined liquid medium the following 
composition: potassium phosphate, 0.04 6.5; potassium nitrate, 0.2%; 
and potassium gluconate, 2.0%. This medium was stored over chloroform 
and tubed 1-ml amounts for use. Tubes were steamed for 
minutes and allowed cool before being inoculated. After incubation for 
hours, five drops double-strength Benedict’s solution were added 
each tube. The tubes were steamed for minutes, then observed for the 
typical red-brown precipitate reduced copper. 

Flagella stains were prepared the method Leifson (10). 


Results 


Table summarizes the characteristics strains considered Pseu- 
domonas aeruginosa. Pigment production heart infusion agar was sugges- 
tive for few strains, but none produced sufficient pigment diffuse through 
the agar. All strains grew well 41+1°C, described Haynes (7). 


TABLE 
Summary characteristics Pseudomonas aeruginosa* 


Rapid carbohydrate 


tests 
° 
P-1 
*Key to symbols: v = variable; + = positive reaction or acid only in carbohydrate tests; — = no change or 


alkaline in carbohydrate tests, negative in other tests; + = weak or slow reaction; Nz = nitrate reduced to 
molecular nitrogen; NO: = nitrate reduced only to nitrite. 


TABLE III 
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Some characteristics gelatin positive, nitrate negative, strains Achromobacter* 


Rapid carbohydrate 


tests 
Group A-I. Motile 
A-2 
A-6 
A-7 


*Key to symbols: + = positive reaction or acid only in carbohydrate tests; — = no change or alkaline reaction 
in carbohydrate tests, otherwise negative; + = weak or slow reaction; RC = reduced and clotted; PR = pepto- 


nized and reduced. 


TABLE 


Some characteristics gelatin negative and nitrate positive strains Achromobacter* 


Rapid carbohydrate 


Group A-II. Motile 
A-15 
A-17 
Group 


*Key to symbols: + = positive reaction or acid only in carbohydrate tests; — = no change or alkaline reaction 
in carbohydrate tests, otherwise negative; + = weak or slow reaction; NOs~ = nitrate reduced only to nitrite; 
Ne = nitrate reduced to molecular nitrogen; KC = alkaline and clotted; KP = alkaline and peptonized; K = 
alkaline; reduced and clotted. 


tests 
4 
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Nine strains failed show evidence acid production glucose fermen- 
tation broth, while the remaining seven strains showed weak acidity. Fifteen 
the strains behaved uniformly the reactions listed Table II. Strain 
P-16 varied several reactions, but included because produced rough, 
granular, slightly raised and indistinct colonies, marked odor tri- 
methylamine, and exhibited other characteristics common with the remain- 
ing strains this group. 

addition the strains included Table II, numerous distinctly pig- 
mented strains Pseudomonas were examined during the course these 
studies. The most common behavior was that the first strains listed 
this table. 

Cultures which more closely resembled the description the genus Achro- 
mobacter than that Alcaligenes are listed Tables III, and few 
strains grew well 41+1°C, but most grew poorly not all this 
temperature. The bases for separating groups were: (1) liquefaction gelatin; 
(2) reduction nitrate; and (3) behavior motility medium, with importance 
being assigned the order given. 


TABLE 
Some characteristics gelatin and nitrate negative strains Achromobacter* 


Rapid carbohydrate 


tests 

Group A-IV. Motile 
A-24 
A-27 
A-29 
Group A-V. Nonmotile 
*Key to symbols: + = positive reaction or acid only in carbohydrate tests; — = no change or alkaline reaction 


in carbohydrate tests, otherwise negative; + = weak or slow reaction; v = variable in repeated tests; NC = no 
change; K = alkaline; R = reduced; KP = alkalinized and peptonized; AC = acid curd. 


q 
4 
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Discussion 


Haynes (7) utilized the following criteria for identification Pseudomonas 
aeruginosa regardless pigmentation: (1) ability grow 41° (2) ability 
oxidize potassium gluconate reducing compound presumed 
potassium 2-ketogluconate; and (3) slime production static cultures 
medium containing potassium gluconate the main carbon source. Gaby 
and Free (5) and Gaby (4) proposed the following criteria for identification: 
(1) Gram-negative, nonencapsulated rods which are monotrichous, lopho- 
trichous, rarely, nonmotile; (2) one three colonial types; (3) acid 
production only from glucose and occasionally xylose peptone medium, 
whereas synthetic medium acid may produced from glucose, xylose, 
arabinose, glycerol, and mannose, but never from lactose sucrose; (4) 
gelatin usually liquefied; (5) nitrates usually reduced nitrites; (6) litmus 
milk usually alkalinized and peptonized; and (7) urease not produced. 

have relied upon some the characteristics given above, but for the 
most part have replaced conventional growth tests with more rapid, yet 
reliable, methods where bacterial multiplication and extraneous enzymatic 
reactions are not involved. From our observations have concluded that 
the most important criteria for establishing the identity culture Pseu- 
domonas aeruginosa are: (1) acid production from glucose, arabinose, and 
xylose, but not from lactose; (2) the ability liquefy gelatin the film 
strip method; (3) feeble motility conventional medium but good motility 
and production gaseous nitrogen medium; and (4) 
positive gluconate test. Identification Pseudomonas aeruginosa cultures 
which lack two more the above characteristics should considered 
questionable. 

Examination Tables III, and will reveal that all strains listed pro- 
duced acid from one more carbohydrates and therefore could not species 
Alcaligenes. When acid was produced from carbohydrates, the reaction 
always developed slowly downward from the surface the semisolid medium. 
Although the methods employed here were not the same those Hugh 
and Leifson (9), the results indicate oxidative, opposed fermentative, 
metabolism carbohydrates. 

All but the last three strains Table III produced acid from lactose. 
This fact alone excludes them from the genus Pseudomonas. addition, all 
strains were gluconate negative and failed reduce nitrate, and the last 
three produced acid from neither arabinose nor xylose. 

Table contains those strains which resemble Pseudomonas aeruginosa 
such important characteristics reduction nitrate molecular nitrogen 
and oxidation gluconate 2-ketogluconate. However, all failed liquefy 
gelatin and some strains produced acid from xylose only. None of. these 
peptonized and reduced litmus milk, which reaction characteristic 
Pseudomonas aeruginosa. Further examination strains A-15, -16, -17, -18, 
-20, and -21 revealed that the first five had peritrichous flagella. Strain 
A-21 was either peritrichous monotrichous, but the exact arrangement 
flagella could not determined. 
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The strains listed Table lack most all the characteristics 
pseudomonads. The flagella arrangement strain A-23 could not deter- 
mined, but the remaining strains group were all peritrichous. This 
fact, along with variable reactions carbohydrates, argues that they 
might erroneously considered members the 

comparison strain numbers Tables III, and with those 
Table will reveal that none was received Achromobacter. Nevertheless, 
these organisms fit the description the genus Achromobacter more closely 
than that Pseudomonas Alcaligenes. However, should emphasized 
that their true identity has not been established. The genus Achromobacter 
has received little systematic study and there lack agreement concerning 
its taxonomic relationship other genera. For these reasons Wilson and 
Miles (14) have placed the family Bacteriaceae and tribe. They 
not specify type flagella and proceed further than brief description 
the genus. Bergey’s Manual (1) has incorporated the genus into the family 
Achromobacteriaceae, which includes only peritrichously flagellated non- 
motile Gram-negative rods. Magrou and Prévot (11) created the tribe Achro- 
mobactereae include the genus Achromobacter and placed the second 
tribe the family Pseudomonadaceae. Brisou and Prévot (2) separated the 
nonmotile organisms from Achromobacter and placed them new genus 
Acinetobacter the same tribe. Further divisions within each genus were 
based first upon reaction gelatin, under which subdivisions were made 
according action nitrate. Bergey’s Manual (1) continues use the same 
characteristics, beginning with motility, means separation but includes 
both motile and nonmotile organisms the genus Achromobacter. has 
been our observation that with aerobic organisms that cannot grow anaero- 
bically the presence nitrate, motility often questionable. For this 
reason, activity gelatin was considered the most important characteristic 
dividing our strains into two groups. Each group was again divided the 
basis ability reduce nitrate. Motility was relegated position third 
importance and employed separate strains within the nitrate groups. 

Limited serological studies with antiserum produced rabbits against 
strain A-17 revealed common and antigens among strains A-16, -17, -18, 
and -20. The same and titers were obtained when strain A-18 was used 
antigen when the homologous strain was used. 

Attempts isolate bacteriophages from strains Achromobacter, even 
with ultraviolet induction, were unsuccessful. However, inducible effect 
was demonstrated irradiating broth cultures strains A-15, -16, and -18 
which was not demonstrable when nonirradiated broth cultures were used. 
Strain A-15 caused the appearance confluent lysis when spotted seed 
layers strains A-16, -17, and -18. Strain A-16 had the same effect strains 
A-17 and A-18, while strain A-18 showed activity only strains A-15 and 
A-16. Attempts serial passage lysed areas were unsuccessful. The 
inhibitory substances elaborated some strains were diffusible, and in- 
hibition extended beyond the spot growth. these instances, bacterial- 
free filtrates irradiated broth cultures showed activity and could titrated 
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the sensitive strains. the filtrate was diluted, fading effect was seen, 
rather then the appearance discrete plaques would ordinarily occur the 
titration phage. This behavior more closely conforms that bacterio- 
cines than that bacteriophages (14). 
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ORGANISMS RESEMBLING ALCALIGENES 


Abstract 


Forty strains Gram-negative rods which resembled Alcaligenes failing 
attack carbohydrates were studied. Twenty-four strains had lophotrichous 
flagella, three were monotrichous, three were either lophotrichous mono- 
trichous, six were peritrichous, and four were nonflagellated. Strains were 
grouped their action gelatin and motility. Most 
lophotrichous and monotrichous organisms uefied gelatin, reduced nitrate, 
did both, whereas most peritrichous and rods failed either. 

Serological studies indicated antigenic heterogeneity, but some strains the 
more homogeneous physiological groups were related, mainly through flagellar 
antigens. Three phages were obtained without induction but only one these 
was lytic for single heterologous strain. Inducible substances resembling 
bacteriocines were elaborated several strains, and the activity was confined 
primarily homogeneous physiological and serological groups. Some lopho- 
trichous strains closely resembled but were not identical with the genus Lopho- 
monas. The validity the genus Alcaligenes questioned since few isolates 
resemble the original description (peritrichous flagella) and these could 
included the genus Achromobacter. 


Introduction 


The fact that heterogeneous group Gram-negative rods grouped 
together under the generic name Alcaligenes well established. Although 
proper identification some these organisms difficult, many can 
eliminated from the genus Alcaligenes either the use peptone-free and 
relatively sensitive media (10) procedures which detect oxidative meta- 
bolism carbohydrates (5). greatest confusion arises from organisms 
which resemble Alcaligenes failing produce acid from carbohydrates 
aerobically anaerobically, but which differ from the original description 
the genus since they have polar flagellation. characteristics one 
group these organisms were defined Galarneault and Leifson (5), who 
proposed the name Lophomonas alcaligenes. 

This report studies with group organisms which preliminary 
examination appeared belong the genus A/caligenes but which was found 
heterogeneous that many strains had polar flagella, some strains had 
peritrichous flagella, and some strains were nonflagellated. 


Materials and Methods 


The strains studied are listed Table The strains were collected 
from several sources, and some were isolated the authors. The sources are 
mentioned where this information was available. 

Growth the organisms under anaerobic conditions the presence and 
the absence nitrate was determined liquid media described 
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Galarneault and Leifson (5), whereas production acid from glycerol, both 
aerobically and anaerobically, was detected the method Hugh and 
Leifson biochemical methods employed these studies have been 
given previously (10). 

Flagella stains were prepared the method Leifson (8). 

Procedures for preparation antigens for immunization rabbits and 
for performance and agglutination tests were those Galarneault and 
Leifson (6). 

Alcaligenes bacteriophages were sought examining these strains 
lysogeny. Young hours, 37°C) heart infusion broth cultures 
potentially lysogenic strains were spotted with capillary pipettes, either 
directly following irradiation, onto lawns indicator strains. Irradiated 
preparations were obtained exposing young broth cultures 9-cm 


TABLE 


List cultures 


Strain No. Source Designation 
K-1 Human blood culture faecalis var. radicans A.T.C.C. No. 4741 
K-2 Unknown Achromobacter sp. 

K-3 Unknown Achromobacter sp. 
K-4 Unknown Achromobacter sp. 
K-5 Unknown Achromobacter sp. 

Unknown 
K-7 Unknown Pseudomonas? 
K-8 Human blood culture Pseudomonas sp. 
K-9 Human lymph node Alcaligenes faecalis 
K-10 Human oviducts Alcaligenes faecalis 
Guinea pig lung Alcaligenes faecalis 
K-12 Pleurisy Alcaligenes faecalis 
K-13 Rabbit blood culture Alcaligenes faecalis 
K-14 Human stool Alcaligenes faecalis 
K-15 Human abscess (isolated 

with staphylococcus) Alcaligenes faecalis 

K-16 Human stool Alcaligenes faecalis 
K-17 Sewer water Alcaligenes faecalis 
K-18 Pleurisy Vibrio alcaligenes 
K-19 Unknown Alcaligenes faecalis 
K-20 Unknown Alcaligenes sp. 
K-21 Unknown Alcaligenes sp. 
K-22 Unknown Alcaligenes sp. 
K-23 Unknown Alcaligenes sp. 
K-24 Human stool Alcaligenes faecalis 
K-25 Human stool Alcaligenes faecalis 
K-26 Human stool Alcaligenes faecalis 
K-27 Human stool Alcaligenes faecalis 
K-28 Human stool Alcaligenes faecalis 
K-29 Human stool Alcaligenes faecalis 
K-30 Unknown 
K-31 Unknown Mixed culture with Pseudomonas 
K-32 Unknown Mixed culture with Pseudomonas 
K-33 Unknown Alcaligenes faecalis A.T.C.C. No. 8750 
K-34 Unknown 
K-35 Human stool Alcaligenes faecalis 
K-36 Rabbit blood culture Alcaligenes faecalis 
K-37 Cerebrospinal fluid Alcaligenes faecalis 
K-38 Child, blood culture Alcaligenes faecalis 
K-39 Unknown Alcaligenes faecalis 


K-40 Unknown Alcaligenes faecalis 
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Petri dish Fischer quartz lamp distance cm. The volume 
each culture was ml; depth, approximately 0.8 mm; exposure time, 
seconds. After irradiation, the cultures were incubated for hours 37° 
then refrigerated overnight. Indicator plates were prepared mixing 0.1 
6-hour infusion broth culture with 2.5 melted (50° 
infusion agar (0.7% agar) and pouring this uniformly over relatively dry 
basal layer infusion agar (1.5% agar). After drying room temperature 
for hours, plates were ready for spotting. 

Sixteen irradiated cultures were tested for lysogenicity one time 


spotting agar layer plate. After the spots were absorbed, the 


were inverted and incubated 37° for hours, then left room temperature 
overnight. Spotted areas which gave indication lysis were cored and 
transferred 0.5 infusion broth. The broth was centrifuged and the 
supernatant fluid used spot seed layers each bacterial strain involved 
the original spot. some instances the supernatant fluids were passed 
through membrane filters and decimal dilutions were prepared sterile 
broth for spotting new seed layers. least three successive attempts 
serial passage lysed areas were made before results were considered negative 
for phage isolation. 

When phage activity was detected, single plaque was emulsified broth, 
mixed with the sensitive strain, and deposited infusion agar plate. This 
process was repeated least three times assure purity the phage. Phage 
suspensions for typing were prepared harvesting the entire surface 
plate which showed confluent lysis with the homologous sensitive strain. The 
harvest was centrifuged and the supernatant fluid passed through membrane 
filter. Titrations were performed the agar layer technique described 
Adams (1). 


Results 


Although all cultures examined consisted Gram-negative rods, there was 
considerable variation the shape and size cells from different cultures. 
The cells some strains were short and plump whereas others were long and 
slender. Some strains the slender organisms had slightly curved somata. 

None the organisms produced acid Kligler’s iron agar, conventional 
liquid fermentation media, peptone-free media. All strains failed 
show hemolysis sheep blood agar; produce pigment eugon agar 
(BBL), infusion agar, blood agar; grow anaerobically without nitrate; 
and produce acid from glycerol under anaerobic conditions. Tests for 
indole, acetylmethylcarbinol, indolepyruvic acid, gluconate, and urease were 
uniformly negative. Sixteen strains grew well but this did not 
correlate with other characteristics. Additional characteristics are given 
Tables II, and Three separate groups were formed the basis 
activity toward gelatin and nitrate, and behavior motility medium. 

The results serological studies are recorded Table The organisms 
used for immunizing rabbits consisted one peritrichous (K-30) and four 
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lophotrichous (K-6, -9, -18, -25) strains. The organisms are listed the same 
order given Tables II, III, and IV. Only those strains which were 
agglutinated are included. 

Only one lysogenic system was discovered repeated phage isolation 
procedures. Strain K-27 carried phage which propagated and lysed strain 
K-6. Two additional phages were obtained from cultures which appeared 
carrier strains described Lwoff Frequently, when K-6 and 
K-9 were used indicator strains, the entire plate was riddled with plaques 
even though the test spots failed produce lysis. was possible pick 
isolated plaques from these and increase the phage titers the strains 
from which they had been obtained. 


TABLE 


Morphological, cultural, and biochemical characteristics strains resembling 
Alcaligenes which liquefied gelatin* 


Group K-I. Nitrate reduced, nonmotile 
K-5 
Group K-II. Nitrate not reduced, motile 
Group Nitrate not reduced, nonmotile 
*Key to symbols: R = short, plump rods; S = slender rods; P = peritrichous; L = lophotrichous; + = positive 
reaction; — = negative reaction; + = weak reaction; N: = nitrate reduced to molecular nitrogen; NO: = nitrate 


reduced only to nitrite; A = acid; NC = nochange; PR = peptonized and reduced; RC = reduced and clotted. 
tDetermined with lead acetate agar. 


The activities all three phages were demonstrable without ultraviolet 
induction. When high titer preparations these phages were spotted 
heterologous strains, only the phage carried strain K-6 was capable 
lysing single heterologous strain, K-10. This appeared due lysis 
from without, since higher dilutions failed produce lysis and attempts 
propagate the phage strain K-10 were unsuccessful. The other two phages 
lysed only the sensitive strains mentioned above. 

Results from cross-spotting irradiated broth cultures indicator strains 
are summarized Table Only strains which showed evidence lysis 
are recorded. will noted that the strains examined, only nine were 
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sensitive the lytic inhibitory activity fairly large number irradiated 
strains. When identical broth cultures were spotted without irradiation, the 
lytic inhibitory phenomena shown Table did not occur. 

Repeated attempts make serial passages from inhibited spots were un- 
successful. Occasionally the first passage showed weakened effect, but this 
was found due carry-over from the original spot. The amount 
inhibition varied directly with the amount the agar layer transferred from 
the original spot. 


TABLE III 


cultural, and biochemical characteristics strains resembling 
agenes which did not liquefy gelatin but which reduced nitrate* 


Group K-IV. Motile 
Group K-V. Nonmotile 


*Key symbols: short, plump rods; slender, slightly curved slender rods; L-M lopho- 
weak reaction; nitrate reduced molecular nitrogen; nitrate reduced only nitrite; number 


peptonized. 
Determined with lead acetate agar. 


Discussion 


Both Nyberg (11) and Tiirck (12) reported examination short, thick, 
nonmotile rods and long, slender, slightly curved, motile rods with physio- 
logical characteristics resembling those the genus Alcaligenes. Nyberg 
stated that the short rods which studied were usually nonmotile and pos- 
sessed poorly formed peritrichous flagella. These were believed correspond 
more closely the original description Alcaligenes faecalis. second 
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group which consisted strains long, thin, slightly curved rods with 
lophotrichous flagella was considered identical with Vibrio alcaligenes, 
name proposed Lehmann and Neumann (7). 


TABLE 


Morphological, cultural, and biochemical characteristics strains resembling 
which neither liquefied gelatin nor reduced nitrate* 


sv 

Group K-VI. Motile 
Group K-VII. Nonmotile 


Pay frag bols: R = short, plump rods; Pleo = pleomorphic; SC = slender, slightly curved rods; S = slender 
rods; P = peritrichous; NF = ‘nonflagellated; L = lophotrichous; + = positive reaction; — = negative reaction; 

with lead acetate agar 


Tiirck stated that the short rods with which she worked were either peri- 
trichous monotrichous whereas the slender rods were peritrichous, mono- 
trichous, lophotrichous. Although there were transitional forms, Tiirck 
proposed motility, pellicle formation broth, transparent opposed 
opaque colonies, growth Simmons citrate agar, and the oxidase reaction 
the most reliable characteristics for distinguishing between the two groups, 
the slender rods being positive and the short rods negative these tests. 

Galarneault and Leifson (5) examined strains Gram-negative rods which 
had lophotrichous flagella and attacked carbohydrates neither aerobically 
nor anaerobically. All were motile and oxidase positive, produced acid from 
glycerol under aerobic conditions only, reduced nitrate nitrite, and turned 
litmus milk alkaline without coagulating clearing it. Hydrogen sulphide 
was detectable with lead acetate papers but not with iron salts the medium. 
Only two strains failed grow anaerobically the presence, but none grew 
the absence nitrate. Flagellar and somatic agglutinations revealed 
that the group was antigenically heterogeneous. The generic name 
Lophomonas, specifically Lophomonas alcaligenes, was proposed for these 
organisms. 
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TABLE 


and agglutination titers with selected antisera. Strains include only those 
giving agglutination screening tests with live and boiled antigens 


Antigen 


K-3 
K-4 
K-5 


K-7 
K-8 
K-9 


K-10 


K-12 
K-14 
K-15 


K-16 
K-18 
K-22 


K-25 
K-26 
K-27 
K-28 
K-29 


K-30 


K-6 


Antiserum 


K-9 K-25 K-30 


Lophotrichous strains (Table II, group K-I) 


320 


640 


1,280 
1,280 640 
160 


Lophotrichous strains (Table II, group 


10,240 
1,280 
5,120 
2,560 


2,560 


5,120 
10,240 
2,560 


5,120 


Lophotrichous strain (Table II, group 


160 
320 


Lophotrichous strains (Table III, group K-IV) 


Lophotrichous strains (Table III, group K-IV) 


2,560 
320 


Lophotrichous strains (Table III, group K-V) 


Peritrichous strain (Table IV, group 


5,120 


titer less than 10; all titers expressed reciprocal dilution. 


5,120 
5,120 


10,240 


eee 
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TABLE 


Results testing for ultraviolet induced lysogeny with certain strains the 
Alcaligenes groups* 


Spots with Seed layers 
irradiated 
cultures K-2 K-3 K-4 K-5 K-6 K-7 K-8 K-9 K-10 


Lophotrichous strains (Table II, group 


K-2 
K-4 
K-5 
Lophotrichous strains (Table II, group 
Lophotrichous strain (Table II, group K-III) 
Lophotrichous strains (Table III, group K-IV) 
K-11 
K-12 +++ +++ +++ +++ 
K-17 
Lophotrichous strains (Table III, group K-IV) 
K-25 
K-26 + 
Mixed flagellar group (Table IV, group K-VII) 
K-35 +++ +++ 


*Legend: +++ = confluent lysis; ++ = weak lysis; + = doubtful; blank spaces indicate no activity. 
zone inhibition seed layer surrounding spots irradiated inocula. 


Tables II, III, and show that the strains resembling Alcaligenes 
physiologically, only six were found have peritrichous flagella. The 
organisms listed these tables could not separated into morphological 
groups the basis characteristics proposed Tiirck, and none cor- 
responded exactly the description Lophomonas alcaligenes. 
possible that some the lophotrichous strains, especially those listed 
Table III, are related Lophomonas, but they cannot placed this 
genus under its. present description. 

Although there appear satisfactory biochemical methods for 
distinguishing between the short plump rods and the slender ones listed 
Tables II, and IV, there fairly good separation when flagella arrange- 
ment considered. With the exception strain K-1 all others which were 
capable liquefying gelatin were lophotrichously flagellated (Table 
groups K-I, K-II, and K-III). those strains which failed liquefy 
gelatin, only lophotrichous and monotrichous rods reduced nitrate (Table 
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groups K-IV and K-V). strains which could neither liquefy gelatin nor 
reduce nitrate, but which showed motility, were peritrichous (Table IV, 
group K-VI). The last group Table (group the least homo- 
geneous morphologically, and contains lophotrichous, peritrichous, and non- 
flagellated organisms all which failed liquefy gelatin and reduce nitrate, 
and were nonmotile. Owing the exceptions presented here, and especially 
since the seventh edition Bergey’s Manual (2) places the polar flagellate 
and peritrichous organisms different orders, the most reliable method 
separation continues the staining flagella. Presumably such strains 
K-34, -35, -37, and -40 which exhibit flagella would placed Order 
IV, Eubacteriales, but their proper taxonomic position remains 
determined. 

From the present studies well those Conn (4) and Tiirck (12) 
appears that peritrichously flagellated organisms resembling the description 
Alcaligenes are much less abundant than lophotrichous ones. Because 
this are inclined agree with Conn (4) that there are insufficient strains 
which resemble the original description warrant the existence the genus 
Alcaligenes. Also agree with Brisou (3), who proposed that the present 
species Alcaligenes incorporated into the genus Achromobacter. Although 
the lophotrichous organisms listed Tables II, III, not entirely cor- 
respond the description the genus Lophomonas given Galarneault 
and Leifson (5), they more closely resemble this genus than any other. 

Our limited serological studies provide further evidence the homogeneity 
strains K-3, -4, -6, -7, -8, -9, and -10 (Tables and groups 
and K-III). Common antigens among other strains are indicated scattered 
low titers, but the absence groups and the fact that many organisms were 
not agglutinated make obvious that the remaining strains are antigenically 
heterogeneous. Among strains Lophomonas alcaligenes, Galarneault 
and Leifson (5) found six serological groups. These were unrelated, But 
within each group the and agglutinations usually corresponded perfectly. 
the basis the studies presented here, has not been possible group 
most strains serologically. 

The one lysogenic strain, K-27, carrying phage capable lysing strain 
K-6 indicates relationship between group K-II (Table II) and group K-V 
(Table the inducible lytic inhibitory phenomena exhibited 
many strains were nontransmissible, these activities were limited and for 
the most part specific for two more strains which belonged fairly 
homogeneous physiological and serological group. possible that this 
but difficult conceive this happening the extent that was observed 
without some strains allowing multiplication phage. more plausible 
explanation that the observed inhibitions were due bacteriocines. These 
latter substances share many characteristics with phage such inducibility, 
limited spectra, and the development resistance sensitive bacteria, but 
differ that they are not reproduced sensitive cells. 
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Serological studies and the inducible bacteriocine-like activities certain 
strains furnish further evidence similarities among strains listed Table 
and have indicated relationships between these and other groups. However, 
appears that order separate groups with different flagellation, the only 
reliable means the use flagella stains. Physiological characteristics 
can used for division within morphological groups and some extent 
these divisions result peritrichous organisms being separated from lopho- 
trichous and monotrichous ones. Because flagellar and somatic hetero- 
geneity and the fact that insufficient lysogenic strains were detected, 
subdivisions subgroups the physiological groups could determined. 
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STUDIES ISARIA CRETACEA 
MORPHOGENESIS THE SYNNEMA AND ENDOGENOUS NUTRITION! 


TABER 


Abstract 


The indeterminate-growing synnema cretacea arises from the vege- 
tative mat when grown No. IS-M synthetic medium. Synnemata 
development not dependent upon the particular carbon nitrogen source, 
the concentration carbon, nitrogen, phosphate this medium. 
Development does require more exogenous biotin and thiamine than required 
for maximal vegetative mat growth. Sucrose specific inhibitor synnemata 
development and when replaces the glucose the medium the mat grows more 

rofusely, the drops further, and synnemata not appear. Addition 
indoleacetic acid, which inhibits endogenous respiration cretacea, the 
sucrose medium retards vegetative mat growth (primary vegetative growth) 
and initiates synnemata growth (secondary vegetative growth). Addition 
calcium carbonate phosphate buffer also results the development syn- 
nemata but does not retard vegetative mat growth. was concluded that the 
synnema the product the change the center growth from the hyphal 
tips the vegetative mat the hyphal tips privileged vertical hyphae. 
Efficient translocation and potentiality for indeterminate growth would seem 
requirements for synnemata morphogenesis. Secondary growth ordinarily 
follows primary growth but the sequence can interrupted exogenous 
nutrient favors either continued primary growth rapid staling the medium. 
The data suggested that the synnema was synthesized from endogenous nutri- 
ents and this conclusion was supported the observation that synnemata 
readily developed from washed mycelium that had been placed nutrient- 
free moist chamber. 


Introduction 


cretacea van Beyma (PRL 1452, strain develops distinct vege- 
tative mat (designated primary vegetative growth) and suitable media 
this mat gives rise the synnema (secondary vegetative growth). The amount 
synnemata hyphae can equal that the vegetative mat, dry weight; 
hence true growth and nutrition some sort must involved morpho- 
genesis the synnema. The following possible relationships between nutri- 
tion and morphogenesis are under consideration. 

Morphogenesis requires specific organic nutrients. 

(1) Nutrients acquired from medium (exogenous nutrients), 

(2) nutrients synthesized (endogenous nutrients). 
Morphogenesis does not require specific nutrients. 

(1) Synnemata hyphae synthesized directly from same exogenous nutrients 

used primary growth, 

(2) synnemata hyphae synthesized directly from endogenous nutrients 

produced primary growth. 

was previously found that cretacea can produce synnemata syn- 
thetic medium consisting glucose, ammonium succinate, salts, biotin, 
thiamine, washed agar, and distilled water, and that the carbon and nitrogen 
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source could replaced one several others (5). requirement for 
biotin and thiamine was noted but this was interpreted requirement 
for cellular synthesis general and not for initiation development 
synnemata particular. These data suggested that morphogenesis did not 
depend upon the assimilation specific exogenous nutrients but did not 
demonstrate that endogenous nutrients were therefore involved. Studies 
reported this paper support the above conclusion and demonstrate 
that morphogenesis is, can be, the direct product utilization endo- 
genous nutrients. Whether specific endogenous nutrients are required remains 
determined, but endogenous activities have already been shown 
involved the morphogenesis other fungi (8). 


Materials and Methods 


Measuring Synnemata Yield 

Cultures were incubated days under conditions described previously (5). 
Synnemata yields were recorded numbers per giant colony and mode, 
arithmetic mean, and median length. The mode height was generally 
suitable. some instances, yield was estimated visual inspection and 
recorded plus signs numbers. 


Measuring Colony Growth 

The colony growing agar consists the assimilative hyphae which 
penetrate the agar, the vegetative mat, ramifying aerial hyphae, and synne- 
mata. The quantity vegetative mat was taken measure general 
colony growth. The mat was carefully cut out the agar, thoroughly 
washed, dried 95°C, and weighed. The coefficient variation among 
replicas ranged from 14%. Colony diameter could not used measure 
growth. 


Inoculum 

small spore inoculum (5) was used conformity with idea put forth 
previously (3) that the smallest inoculum not causing excessive variation 
(coefficient variation approximately 10%) should used nutritional 
experiments order assure that the observed characteristics pertain 
the new growth and not partly the growth used the inoculum. 


Auxins and Antiauxins 

Solutions used respiration studies were prepared dissolving 
each substance with gentle heating. Solutions added 
agar media were prepared suspending each substance distilled water 
and adding KOH until was attained. The solution each was diluted 
with water and sterilized filtration through ultrafine fritted glass 
filter. Each solution was prepared the day was used. The sources 
were: Fisher c.p. indoleacetic acid, NBC 2,4,5-trichlorophenoxyacetic acid, 
Eastman 2,4-dichlorophenoxyacetic acid, NBC indolebutyric 
propionic acids, and Eastman alpha naphthaleneacetic acid. The sample 
2,4,6-trichlorophenoxyacetic acid was synthesized Dr. Vining 
this laboratory. 
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Respiration Studies 

The mycelium was grown liquid medium consisting glucose 
and Difco yeast extract distilled water. After days’ shaking, the 
mycelium was washed three times with sterile distilled water and three 
times with phosphate buffer, prepared adding commercial HCI M/15 
until 4.0 was attained. The final suspension this buffer was 
adjusted contain approximately mg, dry weight equivalent, mycelium 
per milliliter. Conventional Warburg manometric techniques were used (6). 
Each vessel was charged with 1.5 buffer, mycelial suspension, 
0.5 substrate, and 0.2 20% KOH. The vessels were incubated 30° 
and were rocked times per minute. 


Standard Medium 

The synthetic medium used previously (5) was modified increasing the 
concentration ammonium succinate 1.0 g/liter. This medium desig- 
nated IS-M, and when solidified with washed agar (5), IS-M agar. 


Chemicals 

The sources the principal chemicals were: Fisher certified reagent sucrose 
and anhydrous dextrose, NBC biotin, GBI thiamine hydrochloride, Eastman 
skatole and L-tryptophane, NBC aminoacetic acid, CIL acetic acid, and 
Matheson Coleman and Bell indole. 


Endogenous Experiments 

The mycelium from 9-day cultures grown shaker IS-M medium 
was washed five times with sterile distilled water: The last wash contained 
trace reducing sugar. one set experiments this mycelium was col- 
lected sterile Whatman No. filter paper, washed again running water 
over the paper, and the paper and mycelium placed sterile filter paper 
platform sterile moist chamber. The moist chamber was placed the 
light chamber previously described (5). second set experiments the 
washed mycelium was collected sterile medium fritted glass filter, washed, 
and the mycelium transferred another sterile filter contained within 
moist chamber. 


Analyses 

The presence residual succinic acid filtrates was detected chromato- 
graphing the ether extract acidified filtrates. The developing system con- 
sisted 350 parts ethanol, parts each water and reagent ammonium 
hydroxide, and 0.028% thymol blue (7). Other analyses used have been 
described previously (5). 


Results 


Exogenous Nutritional Factors 

Concentration Carbon and Nitrogen 

Previous studies (5) showed that neither the carbon source nor the nitrogen 
source the standard medium was specific factor morphogenesis. The 
concentration each, the ratios the two, might critical and test 
this possibility, factorial test seven concentrations carbon and five 
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concentrations nitrogen was made (Table I). Calcium carbonate was 
included third variable assess the significance changes the 
medium. While the lower concentrations both nutrients favored synnemata 
development, there was significant interaction between them. When the 
amount nitrogen source was increased g/liter, the amount carbon 
source could increased slightly without suppressing development. This 
experiment also demonstrated that was important factor. high 
proportion nitrogen carbon caused the rise and this was accom- 
panied suppression synnemata development. When the ratio was 
narrowed increasing the concentration carbon, the dropped and 
synnemata development was enhanced. Conversely, when large quantity 
carbon and small quantity nitrogen was present the dropped 
inhibitory level, and buffering with CaCO; favored synnemata develop- 
ment. Relatively wide ranges carbon and nitrogen permitted synnematal 
development, however, and therefore was concluded that morphogenesis 
did not depend upon specific concentration carbon and nitrogen source. 
These data provide additional evidence that the carbon and nitrogen sources 
are not specific factors morphogenesis. 


Biotin and Thiamine 

When insufficient amount biotin and thiamine for maximal vegetative 
mat growth was used, synnematal development was reduced (5). Further 
examination (Tables and III) revealed that synnemata formation required 
larger amount each vitamin than did vegetative mat development. Both 
vitamins, then, are required for morphogenesis, but view the lack 
evidence that they are specifically required for initiation well continued 
growth, must tentatively concluded that this requirement for con- 
tinued cellular synthesis general, and that once secondary growth initiated, 
the extent proportional the quantity vitamins available. 


Phosphate 

determine the concentration phosphate the standard medium 
was critical, proportions basic and acidic potassium phosphate giving 
concentrations ranging from 100 3200 salt/liter were tested. The 
initial ranged from 6.4 6.6. Growth was equivalent all but the lowest 
concentration and synnemata development was only slightly less this. 
lowest concentration. The limited production was not due drop 
since decreased the concentration phosphate salt increased. One 
specific concentration phosphate salt, then, not required for morpho- 
genesis. 


Sucrose 

The observation (5) that sucrose prevented synnemata development with- 
out inhibiting colony growth led the hypothesis that synnemata did not 
develop because sucrose was not translocatable the aerial hyphal tips. 
comparison (4, the uptake glucose and sucrose mature 
synnemata showed, however, that within minutes both were translocated 
and throughout the 
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TABLE 


Effect biotin synnemata formation and growth 
IS-M agar medium 


Synnemata Growth 
Biotin, Number per Mode height, Vegetative mat, Diameter 
0.025 18.0+1 
0.10 6.0+0.2 20.0+0.1 
0.25 6.7+0.2 20.0+0.8 
0.5 6.4+0.4 20.1+0.7 
1.0 2.0 5.8+0.9 20.5+0.2 
*In the presence of 40 ug thiamine per liter. 
tNo significant difference (P >.05) in growth on last five concentrations. 
tControl common to experiments shown in Tables II and III. 
TABLE III 
Effect thiamine formation and growth 
agar medium 
Synnemata Growth 
Thiamine, Number per Mode height, Vegetative mat, Diameter 
colony dry weightt colony, 
0.4 §.341.2 4.1+0.7 
4.0 18.3+0.6 20.3+0.1 
16.0 46.0+6.4 6.6+0.5 


*In the presence biotin liter. 
tAnalysis growth: (a) variance: difference growth among last seven significant <.05). 
(b) D test: growth was least on 0.4 yg thiamine and significantly less on 1.6 yg, or less, 
n on the higher concentrations. 
tControl common to experiments shown in Tables II and III. 


Fungi can respond differently single sugars and mixtures them (2) 
and the inhibition synnemata development sucrose might actually 
due mixture glucose and fructose which resulted from hydrolysis 
sucrose the culture. This hypothesis was tested replacing the glucose 
the IS-M medium with mixture glucose and fructose and 
for the appearance reducing sugars filtrates cultures grown sucrose. 
Synnemata developed readily the mixture glucose while none 
developed the sucrose control. Reducing sugars never appeared the 
filtrates cultures grown sucrose even though growth was more rapid, 
but not extensive glucose. Sucrose, therefore, did not contribute 
glucose and fructose the medium. 

Growth rate higher sucrose than glucose either liquid solid 
medium. Growth soon ceases, however, cultures grown sucrose liquid 
medium, presumably because the rapid increase hydrogen ions. When 
glucose used the liquid medium, the succinate ion the nitrogen source 
also used, judged from paper chromatography filtrates, but when 
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sucrose used, most, not all, the succinate ion remains the filtrate and 
the ammonium ion replaced with the hydrogen ion. perhaps significant 
that the variant (5) grows more rapidly glucose than the parent strain 
and does not develop synnemata, and that the parent strain grows more 
rapidly sucrose than glucose but then does not develop synnemata. 
The variant does not readily utilize the succinate ion the presence 
glucose (5). 

The fact that more luxurious growth was obtained sucrose than 
glucose indicates that the absence synnemata was not due restricted 
hyphal growth. Rather, sucrose favored continued growth the vegetative 
mat hyphae while glucose favored initiation and development secondary 
growth. determine the efficiency sucrose forcing vegetative mat 
growth, various quantities sucrose were added the standard glucose 
medium. Approximately mmoles sucrose/liter completely suppressed syn- 
nematal development the presence mmoles glucose (Table IV). The 
sucrose supplement restricted growth aerial hyphae, distorted those that 
did develop, and produced folds the reverse side the colony. The latter 
effect attributed extensive growth within the colony. the presence 
mmoles sucrose/liter, even mmoles glucose did not reverse inhibition 
sucrose. Sucrose efficient inhibitor but the amount required sufficient 
justify classifying nutrient rather than poison. 


TABLE 


Effect sucrose supplement synnemata formation cretacea grown 
mmoles glucose* 


days 
Sucrose, Other aerial Distorted cells folded 
mmoles/litert Synnemata hyphae vegetative mat underside 


*Number refers number giant colonies three bearing synnemata. 
supplement accelerated growth and was responsible for development denser vegetative mat. 


Inhibition synnemata development sucrose seems related more 
the rate growth responsible for than possible role specific 
regulator morphogenesis. Thus, when other constituents are changed, the 
effect sucrose may also changed. When ammonium succinate, ammonium 
nitrate, ammonium phosphate used the nitrogen source, inhibition 
sucrose manifested. However, when sodium nitrate used the nitrogen 
source, synnemata then develop and the the agar does not decrease 
markedly. Further, when the sucrose medium buffered with 
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phosphate buffer (Table V), synnemata develop. noted that buffering 
did not inhibit growth the vegetative mat, thus buffering did not result 
the colony growing were glucose. discussed below sub- 
stance which allows synnemata develop sucrose, and does restrict 
growth quantity similar that characteristic glucose culture. 


TABLE 


Effect buffering sucrose inhibition 
Sucrose carbon source 


Synnemata Growth, 
weight 
Initial Frequency/ Mode vegetative 
Treatment* colony height, mat 

Sucrose control 6.7 4.7 
CaCO; 6.7 9.1 24.2+1.0 6.4 


Analysis dry weight: (a) variance: differences significant <.05), 
test: difference between glucose and first two just significant. 


Auxins 

striking characteristic the synnema the continuous elongation 
the growing point. This similarity growth the oat coleoptile prompted 
the testing indoleacetic acid (IAA) morphogenesis. 
IAA but not 2,4-di- (2,4-D), 2,4,5-tri- (2,4,5-T), 2,4,6-tri-chlorophenoxy- 
acetic acid (2,4,6-T) completely inhibited colony growth. Lesser concentra- 
tions did not influence synnemata development. 

When IAA was added the sucrose medium however, 
growth the vegetative mat was restricted and synnemata then developed 
(Table VI). Neither 2,4-D nor 2,4,6-T (Fig. inhibited vegetative mat 
growth forced synnemata development (Tables and VII). These data 
are consistent with the conclusion that synnemata not develop sucrose: 
because favors continued growth the vegetative mat (i.e., holds growth 
the primary form) until the medium donger favorable for growth. 
this luxurious growth impaired early, secondary growth then commences 
and produces synnemata. the medium held state that favorable 
for growth buffering, synnemata eventually develop sucrose the 
absence growth inhibitor. 

The hypothesis that IAA interfered with sucrose utilization was tested 
more detail examining the effect respiration sucrose. Due 
the high endogenous respiration, marked response sucrose could not 
demonstrated. Indoleacetic acid did inhibit endogenous respiration, however, 
but not and this inhibition apparently was dependent 
upon IAA entering the cell the undissociated state (Fig. 3). Endogenous 
respiration was also inhibited indolebutyric, indolepropionic acids, 2,4-D, 
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TABLE 


Effect IAA and 2,4-D sucrose inhibition* 
days, sucrose carbon source 


Synnemata Growth, 

dry weight 

Frequency Mode vegetative 
Treatment per colony height, 
Glucose control 8.6+0.4 5.6 
IAA, 0.8+0.1 11.6+0.5 4.7 


*Four replicas. 
tAnalysis growth: (a) significant difference between growth glucose and sucrose plus 
three highest concentrations of IAA. 
(6) Difference in growth on glucose and sucrose significant (P <.05). 


TABLE VII 


Reversal sucrose inhibition IAA and not 2,4,6-T 
Sucrose carbon source 


Synnemata Growth, 
dry weight 
Frequency Mode vegetative mat, 
Treatment* per colony height, 

one 27.0+0.7 
IAA 17.0+1.7 19.8+0.8 
2,4,6-T Trace 25.5+0.1 
2,4,6-T Trace 27.5+0.6 


indole-3-acetic acid; 2,4,6-T 2,4,6-trichlorophenoxyacetic acid. 


and alpha naphthaleneacetic acid (see Fig. for examples). This inhibition 
seemed specific for auxin-like compounds since acetic acid, indole, skatole, 
aminoacetic acid, and L-tryptophane did not inhibit respiration (see Fig. for 
examples). The specificity the auxins inhibiting endogenous respiration 
and JAA inhibiting primary growth (although different concentrations) 
together with the demonstration given below that synnemata develop from 
endogenous nutrients suggests that study the IAA effect may reveal 
something the nature morphogenesis and further studies are contemplated. 
Auxin has been claimed previously affect growth and respiration (1). 


Mannitol 

Mannitol favors abundant primary growth and denies secondary growth. 
Its pattern not distinguishable from that sucrose. That is, effective 
suppressing synnemata development small concentrations, and IAA and 
buffers partially reverse its inhibitory action. 
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Fic. Inhibition endogenous respiration mycelia indoleacetic 
acid when undissociated. 
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Fic. Inhibition endogenous respiration 2,4-dichlorophenoxyacetic acid and 
alpha naphthaleneacetic acid but not acetic acid, indole, aminoacetic acid. 


Morphogenesis, Product Endogenous Metabolism 

Primary vegetative growth must result directly from the use exogenous 
nutrients, but secondary vegetative growth, this instance synnemata, 
could result either from the utilization the same exogenous nutrients used 
primary growth from utilization the endogenous nutrients present 
the vegetative mat hyphae. Endogenous nutrients exist since mannitol, 
ergosterol, free amino acids, and antibiotics have been detected the mycel- 
ium (5). That morphogenesis the synnemata is, can be, the product 
utilization endogenous nutrients was demonstrated transferring washed 
mycelium taken from shake flask culture moist chamber and noting 
the development typical synnemata (Fig. 2). The fungus cannot utilize 
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cellulose (5) and examination the paper supporting the mycelia failed 
show indications degradation the cellulose. Further, synnemata develop 
when the paper support replaced with fritted glass filter. The yield 
synnemata approximates that occurring 10-day-old agar colony. agar 
colony weighing (dry weight equivalent) produced (dry weight) 
synnemata whereas washed mycelium produced 2.6 synne- 
mata. Mycelium growing liquid sucrose medium did not produce synne- 
mata situ but when aliquot was removed, washed, and placed 
moist chamber produced many synnemata did the glucose control, 
thus showing that morphogenesis the synnema was product endogenous 
metabolism and that sucrose inhibited development only long was 
present. 


Conclusion 


Isaria cretacea van Beyma resembles other fungi the extent that growth 
the inoculum produces vegetative mat (primary vegetative growth) and 
aerial hyphae (secondary vegetative growth). cretacea differs from fungi 
not forming synnemata that secondary vegetative growth can indeter- 
minate, although only certain privileged hyphae participate this form 
growth. This extensive secondary growth constant morphology is, can 
be, due the utilization endogenous nutrients (stored foods and 
present the vegetative hyphae. Morphogenesis the synnema would 
seem depend upon the existence effective translocating mechanism, 
special, vertically oriented hyphae capable indeterminate growth, and 
perhaps specific endogenous nutrients. 
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THE MICROMORPHOLOGY THE TUBERCULATE SPORES 
HISTOPLASMA CAPSULATUM! 


MERCEDES Epwarps, ELIZABETH HAZEN, AND GEORGE EDWARDS 


Abstract 


electron microscopic study thin sections the tuberculate spores 
Histoplasma capsulatum presented which details structure the cyto- 
plasm, cell border, and protruding tubercles well structural changes asso- 
ciated with growth and maturation the spore are revealed. the basis 
the observations made the fine structure, the mode formation the 
tubercles considered. 


Introduction 


Among the pathogenic fungi, Histoplasma capsulatum Darling one 
the most thoroughly studied. The saprophytic phase this dimorphic fungus 
characterized the formation tuberculate spores aerial hyphae 
the surface the mycelium. The spores serve important diagnostic 
characteristic the identification the fungus. 

The spores were first observed 1934 DeMonbreun (4) and Hansmann 
and Schenken (11), and since have been described many investigators 
(1-3, 10, 12, 13, 16-20). Light microscopy has demonstrated the 
shape, variable size, and relation the spores the hyphae. The thick, 
sculptured cell wall with characteristic finger-like projections (tubercles), 
varying number, size, shape, and spacing, has also been described light 
optical methods. Cytoplasmic organelles have not previously been observed, 
although the occurrence and coalescence fat droplets the cytoplasm 
have been noted (1, 12). 

The present study deals with the fine structure spore cytoplasm and 
cell wall. The results make possible some suggestions the mechanism 
cell wall and tubercle formation. 


Material and Methods 


Histoplasma capsulatum Darling, strain No. 4894, received from the late 
Dr. Rhoda Benham, Columbia University, New York (under No. 2187), 
was used this study. Three-week- 4-month-old culturés were obtained 
potato-infusion glucose-agar slants which had been kept 25-27°C. 
Some cultures, after being grown room temperature for few weeks, were 
maintained the refrigerator (about for year longer. The spores 
were proved viable germination tests. 

Preparations for the electron microscope were follows: the surface growth 
was loosened from the slant with thin, bent spatula, washed off few 
milliliters Sabouraud’s glucose broth, and transferred with pipette 
small centrifuge tube. Osmium tetroxide, veronal-acetate buffer (pH 

received August 17, 1959. 
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5.7), was added aliquots the suspension give final solution 1.5%. 
After hours room temperature, the suspension was centrifuged for 
minutes The sediment was resuspended the buffer 
solution, centrifuged again, resuspended melted corn meal agar (about 
45° C), mixed well, poured into small glass dish, and kept the refrigerator 
overnight. Small blocks (1-2 were cut from areas where dark spots 
the fixed material were seen and carried through the ethanol series (10 minutes 
each step), and finally embedded mixture butyl metha- 
crylates with 1.5% Lucidol the catalyst. 

Thin sections were cut with diamond knife the Porter-Blum microtome 
and examined the Siemens’ Elmiskop 


Results 


Spores have been observed various stages development from small, 
smooth-contoured forms (Figs. large fat-filled tuberculate forms. 
our preparations the spores were roughly spherical outline, varying 
diameter from The cytoplasm the immature spores (Figs. 
contains granules, membranes the endoplasmic reticulum, mito- 
chondria, microdroplets, and irregular clumps lipid. The cell limited 
plasma membrane from thickness, usually irregular, and often 
continuous with vesicles the peripheral cytoplasm. 

The mitochondria are few number early spore stages, averaging two 
four the plane the section. They are essentially ghost forms showing 
matrix and few, often recurrent, cristae. 

The endoplasmic reticulum consists irregular, and often large, lacunae 
smooth membrane profile. The microdroplets lipid may occur all 
areas the cytoplasm but significantly are most frequently observed 
aggregated within the reticular lacunae (Figs. the more advanced 
spores (Figs. the greatest part the cytoplasmic area occupied 
lipid, the mitochondria and the reticulum apparently degenerating and the 
residual cytoplasmic matrix becoming homogeneously granular (Fig. 4). 
the mature spore (Fig. 7), 95% the cell area filled with dense lipid, 
the remainder being occupied nuclear and cytoplasmic vestiges. 

considerable interest and directly pertinent the diagnostic character- 
istics these spores the mechanism cell wall enlargement. the 
earliest stages the cell wall similar that the hyphal cell with which 
continuous, the previously described cell wall the yeast-like cells 
(7, 9). The spore smooth outline this stage (see Fig. 2). The 
outermost membrane (or layer) all the spores observed was uniform 
density and thickness, averaging The inner layers varied thickness 
and orientation the filaments, depending upon maturation stage. 
the younger spores which tubercle formation being initiated and which 
there are only two components the cell wall, the inner, fine filamentous 
outside the plasma membrane all maturing spores, the cell wall shows 
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(Figs. little (Figs. electron scattering. the mature spore 
(Figs. 8-10), the innermost layer homogeneously little electron density, 
but apparently very finely granular nature. the advanced and mature 
spores (Figs. 10), between the innermost layer and the radially oriented 
filaments, there occurs layer variable width containing granular fila- 
mentous elements diameter and variously oriented. Thus, 
this point least, the following definitive areas the cell wall exist: (i) 
innermost homogeneous, (ii) central nonoriented, granular filamentous, 
(iii) peripheral, radially oriented filamentous, and (iv) outermost dense 
membrane. The tubercle represents special case the peripheral, radial, 
filamentous layer. the apparently newly forming, young tubercles 
(see and Fig. and Fig. 10), the filaments the extreme periphery 
are normal with respect the outer membrane the tubercle while those 
the center are radially oriented with respect the cell. old tubercles 
(see Fig. Fig. and Fig. 10), the cell wall material appears 
clumps, meshwork aggregated filaments separated apparently 
empty interstices, the total appearing spongy material. The bases 
the older tubercles may become constricted (see Fig. Fig. 10), 
but while still adherent the spore, the basal filaments the tubercle are 
fine, distinct, and continuous with the peripheral, radial layer the cell wall. 

some instances dense material unknown origin and function has 
been observed outside the cell wall the spores (Figs. 8-10). density 
and composition resembles some the intracellular fat droplets. may 
well that this substance closely adherent the spore surface, and even 
within intertuberculate pockets the surface, may represent the oil, identified 
staining methods the light microscope, which may freed during 
breakdown old hyphal cells still attached the spores. 


Discussion 


great variability size tuberculate spores Histoplasma has been 
previously described (3-5, 12), with diameters given from 2.5 
The spores the present study ranged from The size appar- 
ently not direct relation stage maturation inasmuch fat-filled, 
thick-walled but small, mature spores have been observed, well thin- 
walled, large spores still containing the cytoplasmic organization character- 
istic early development. shape the spores have been described previ- 
ously round pyriform. The present study confirms these observations. 
Bizarre forms can found occasionally, but whether such forms are naturally 
occurring due preparatory artifact remains clarified. 

The most interesting information gained the present study that per- 
taining the mode formation the tubercles. Tubercles have been 
previously considered secondary spores (5, 16), but also have been 
described resulting from thickening the pre-existing, smooth cell wall 
the spore (1-4). The present study distinctly shows that the tubercle 
indeed part the cell wall, formed probably manner similar that 
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postulated for tracheal formation the insects (15), that is, expansion 
and buckling the outermost layer the cell wall followed secondarily 
invasion radial filaments derived from secretion process. The evidence 
for the latter process found the structure and orientation the several 
layers the cell wall and tubercles during the development the tuberculate 
spore (as seen Figs. and 10). 

The wall varies from structureless material little density immediately 
without the plasma membrane, through gradually increasing number 
filaments, the organization filaments into densely packed, radially 
oriented, peripheral layer. These differences strongly suggest that pre- 
cursory substance secreted across the plasma membrane the cell and 
that this material secondarily hardens and becomes structured upon exposure 
the extracellular environment, the tanning process cuticle formation. 

the light the present information the observed variation size and 
spacing tubercles can directly related maturation and concomitant 
secretion. The final size, shape, and number are thus determined purely 
physical factors. The separation tubercles from mature spores commonly 
observed the light microscope. physical basis for this phenomenon 
provided the limitations close packing filaments Under 
continued secretion pressure this would lead filamentous aggregation 
apposition and sphere formation involving basal constriction and attenuation 
until the breaking point reached. The tubercle could then freed from 
the spore its own weight external mechanical stimulus. 

The structure cell wall and tubercles certainly apt for the requirements 
spore survival, that is, insulation against adverse conditions and the capac- 
ity air-borne. The nuclear and cytoplasmic changes observed 
electron microscopy part confirm, and part add to, previously existing 
information. The intracellular organelles, and their organization, are those 
any highly advanced cell. The changes involved maturation are con- 
cerned with lipid formation and storage. Increasing lipid content results 
decrease space available to, and degeneration of, the intracellular organelles. 
Eventually equilibrium reached between the amount lipid produced 
and the organization necessary for its production and for cell survival. 

The present results also aid clarification the terminology applied 
these spores. They were initially called tuberculate chlamydospores (3, 
11), but this designation was sometimes modified echinulate chlamydo- 
spores, echinulate macrospores (21), tuberculate macrospores (7). 

general term, chlamydospore also has been used include hypno- 
spores and stalagmospores, the latter being the tuberculate forms (1, 2). The 
term aleuriospore was introduced (12) distinguish small chlamydospores 
which resemble conidia Recently the tuberculate spores Histoplasma 
have been termed macroconidia (10). From our micrographs the structure 
the tuberculate spores capsulatum most closely agrees with Langeron’s 
(14) definition for chlamydospore, that is, général, toute spore volu- 
mineuse paroi trés epaisse contenu lipidique dense est une chlamydospore 
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premier caractére distinctif d’une chlamydospore est 
paisseur paroi, double contour trés net, souvent ornée verruquese, 
encore lisse trés réfringente. deuxiéme caractére est densité 
cytoplasme, chargé matiéres réserve notamment lipides. 
constitue toujours par suite d’un phénoméne condensation 
Further, generic term, chlamydospore would serve include aleurio- 
spores and also those spores size too large the range generally 
admitted for aleuriospores. 

summary, one tempted define the mature tuberculate chlamydo- 
spore ‘‘a little Histoplasma insulated balloon with its micro- 
morphologically well prepared for the rigors long survival. 
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EXPLANATION FIGURES 


Fic. Young chlamydospores (a, possessing little cytoplasmic fat, and 
distinct plasma membrane and endomembrane systems. The cell walls are two-layere 
and the tubercles little more than buckled membranes. 


cell wall and early tubercle formation and c). ytoplasmic organelles are visible 
spore Attachment the old hypha seen the lower spore (arrow). 


Fic. Detail maturing chlamydospore showing irregular membrane, 
mitochondria, microdroplets lipid within reticular profiles, and clumps 
ipid free the cytoplasm. The cell wall shows all layers from inner homogeneous, 
through oriented filamentous, dense outermost membrane. Radial orientation 
tubercle radial and normal Aggregated filaments are seen 


III 


Fics. and Details cytoplasm and cell wall maturing chlamydospores 
showing mitochondria, endoplasmic reticulum, membrane-contained lipid microdroplets, 
and free clumps lipid the cytoplasm. Tubercles are rarely sharply irregular 
Fig. most frequently they are rounded outline (Fig. 


Fic. late stages spore maturation the cytoplasm becomes increasingly filled 
with lipid. The membrane systems degenerate large extent, leaving granular 
cytoplasmic matrix and but few small vestiges mitochondria and reticulum. 


Fic. later stages maturation the cell area almost completely filled with 
concentrated dense lipid. The nucleus and cytoplasmic vestiges appear squeezed 
into small peripheral area. The cell wall shows four distinct layers. The central 
filaments the well-developed tubercle upper left) are radially oriented with respect 
while those the periphery are oriented normal the outermost membrane. 


PLATE 


Fics. and 10. Details the cell wall mature tuberculate spore showing the 
layers distinguished according density and orientation filaments. Fig. old 
septum between spore and hypha seen. Fig. newly formed tubercle con- 
taining fine radial filaments and older tubercle (4) which the fine filaments are 
clumped apposition each other are illustrated. the latter the basal constriction 
evident. similar situation also present Fig. 10, which the central filaments 
the tubercle are continuous with the peripheral radial layer. Constriction the base 
this tubercle not advanced that Fig. Interesting the appendage seen 
the upper left tubercle Fig. and Fig. 10, the original the two tuber- 
cles were interconnected the appendage. Note that its structure similar that 
the old tubercle. Fig. maturing tubercle also shown. 


Nu=nucleus, Mi=mitochondrion, =endoplasmic reticulum, 


Figures 1-10 follow. 
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FACTORS AFFECTING THE VIABILITY AIR-BORNE 
BACTERIA 


II. THE EFFECT CHEMICAL ADDITIVES THE BEHAVIOR 
AIR-BORNE 


WEBB 


Abstract 


The effect air-borne cells single chemical compounds added bacterial 
suspension prior atomization has been studied. has been found that some 
amino acids, long chain protein degredates, some sugars and polyhydroxycyclo- 
hexanes can enhance the survival air-borne cells. The ability compound 
preserve viability during periods desiccation has been found con- 
nected with the presence amino and/or secondary alcohol group. For 
maximal protection these groups need substituted onto six-membered 
ring nucleus. group has been found toxic present benzene 
ring, but protective pyrimidine ring. Inositol was found afford large 
measure stability the air-borne cells and its stabilizing ability could 
destroyed urea and guanidine. suggested that compounds enhance 
survival replacing water molecules protein structure during desiccation 
through hydrogen bonding and preserve the natural structure the cellular 
proteins. Peaks death rates intermediate relative humidity levels have 
been found due the presence the added compounds. 


Introduction 


previous paper (21) had been found that the death air-borne cells 
decreased humidity increased and temperature decreased. From 
mathematical combination these two environmental conditions and 
thermodynamic analysis, was suggested that the death the cell resulted 
from collapse protein structure due the exchange water molecules 
between the air and the cellular protein. was suggested also that the 
aerosol behavior cells might changed the addition solutes the 
bacterial suspensions prior aerosolization. Since has been stated that 
dextrin and gelatin have afforded some stability the air-borne cells (16) 
and also that cells aerosolized from casein digest medium are more stable 
air than cells atomized from water (13), was decided study the effect 
casein digest, various sugars, and other compounds the death the 
air-borne cells. the purpose this paper report such studies. 


Materials and Methods 
Organisms 
Serratia marcescens (Fort Detrick strain 100) 
Escherichia coli (type University Alberta) 
Staphylococcus albus (University Alberta) 
Bacillus subtilis (Fort Detrick strain) 
received June 22, 1959. 
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The culture organisms, aerosol generation, methods determining 
viable and total cell counts, and the preparation the suspensions for aero- 
solization were described the previous paper (21) except that cells were 
suspended solution the chemical compound prior atomization 
instead distilled water. 

Results 


When cells were aerosolized from solution casein acid digest ex- 
tremely rapid death occurred, and all cells were dead within hour air 
suspension. This was far different result from that reported (13). How- 
ever, when tryptic digest was used, the cells were found more air 
stable, but only 50% R.H. levels and above. Two possibilities seemed 
explain this result: one was that the large amount NaCl, present the 
neutralized acid hydrolyzate, was toxic; and the other was that the milder 
tryptic hydrolysis produced protective compounds. 

was decided, therefore, carry out controlled acid hydrolysis two 
proteins and neutralize the hydrolyzate the method Buc al. 
The method based the fact that monocarboxylic-monoamino acids are 
not absorbed acid-binding resins the weak base type and had been used 
successfully remove acid from hydrolyzates (18). The hydrolysis was 
carried out 10% suspension (a) casein and haemoglobin 
various times aliquots were removed and neutralized 
passage through glass column containing Amberlite IR4B, ion exchange 
resin. Twenty milliliters the neutralized effluent was used suspending 
fluid for the cells and was used for formal titration a-amino-nitrogen 
the method (3, 17). 

was found that, 50% R.H. and above, the death rate cells all 
periods air storage increased the amount increased, 
and the experimental results are tabulated Table 


TABLE 


The effect the degree hydrolysis, casein and haemoglobin, the death rates 
marcescens and coli 50% R.H., 25° 


amino 
11.7 (1) 0.68 0.62 0.001 0.004 0.005 0.001 0.003 0.002 
12.0 (2) 0.64 0.67 0.001 0.007 0.003 0.001 0.003 0.003 
18.2 (1) 0.004 0.03 0.006 0.003 0.004 
17.6 (2) 0.75 0.77 0.003 0.06 0.005 0.007 0.005 0.003 
(1) 0.81 0.83 0.007 0.09 0.008 0.010 0.007 0.009 
0.83 0.87 0.006 0.11 0.007 0.010 0.011 
50.8 0.92 0.93 0.009 0.15 0.013 0.011 0.010 0.014 
0.91 0.92 0.007 0.16 0.013 0.014 
0.92 0.92 0.013 0.30 0.020 0.016 
71.8 0.98 0.024 0.022 0.016 0.015 
88.3 (1) 1.02 1.14 0.023 0.031 0.028 0.028 0.022 0.021 
(2) 1.09 0.029 0.030 0.026 0.029 0.025 0.020 


(1) =Casein, (2) =haemoglobin. 

Removal of acid by means of IRA4B. 

and expressed seconds; and expressed minutes. 
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These results suggested that either the first-formed amino acids were 
protective and the subsequent ones were toxic, protection was function 
the chain length the protein degredate. Because the amounts 
compounds required these experiments, seemed impractical try and 
separate the components the hydrolyzate electrophoresis chemical 
precipitation, therefore amino acids and mixed compounds known compo- 
sition were purchased and used ascertain the effect individual amino 
acids and their higher polymers. 

Since some the amino acids were not too soluble water, strict com- 
parison could not made weight/volume basis. However, solu- 
tions were used except where the solubility the compound made impos- 
sible. such cases saturated solution was employed and with native 
proteins emulsion. 

was found that all the basic amino acids, hydroxy amino acids, proline, 
and glycine afforded the cells slight aerosol stability. The extent the 
stability, however, was not great that afforded the higher polymers, 
Bacto peptone, proteose ‘peptone, and protone, (rendered NaCl free ion 
exchange Amberlite IRC and IR4B), whilst native proteins appeared 
have had protective effect (Table II). 


TABLE 


The death rates marcescens aerosolized from various solutions 50% R.H. and 25° 


Added compound solution 


Aspartic 

Arginine 

Amino butyric 

dl-Cysteine 

Glycine 

Hydroxyproline 

Isoleucine 

Leucine 

Lycine 

Methionine 

Ornithine 

Phenylalanine 

Serine 

Threonine 

Tyrosine 

Valine 

Tryptic casein hydrolyzate 

casein hydrolyzate 

Difco yeast 

Glutathione 

Bacto peptone 

Bacto proteose peptone 

Bacto protone 

Blood albumin emulsion 
Haemoglobin emulsion 
Egg albumin emulsion 


*Saturated solution. 
The standard deviation for significant difference (5% level) between two partic- 


ular values =20,/2. 


q 
q 
q 
0.025 0.040 0.025 
0.024 
0.014 
0.039 0.046 0.032 
0.025 
0.020 0.020 0.014 
0.019 0.010 
0.023 
0.023 
0.024 0.018 
0.028 
0.013 0.016 
0.030 0.036 0.024 
0.015 0.017 
0.018 0.025 0.017 
0.026 0.038 0.021 
0.010 0.008 
0.080 
0.030 0.038 0.023 
0.023 0.013 0.010 
0.006 0.006 0.005 
0.029 0.034 0.020 
0.030 0.036 0.021 
0.028 0.036 0.022 
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was apparent that the stabilizing compounds the protein hydrolyzates 
were the high-polymer peptones and proteoses and that keto amino acids, 
suggested amino butyric, were toxic. 

When R.H. effects were studied was found that the protective ability 
the high-polymer protein degredates decreased with lowering R.H. and that 
30% R.H. the slight protection afforded these compounds was most 
apparent during the early periods air storage. This demonstrated 
Fig. where the log, plotted against time. The starting point 
Fig. zero time represents the death during the spraying period and includes 
both and periods aerosolization. Unfortunately, was not possible 


O 30% 


TIME HOURS 


Fic. effect R.H. the protective ability Bacto-protose air- 
borne marcescens. 


evaluate the average air-borne age the cells during this period since, 
order prevent pressure the drums during spraying, air had allowed 
escape carrying with some the cells. Also 5-minute spraying period 
was found necessary obtain bacterial cloud sufficient numbers 
for study. 

was found later that the optimal concentration Bacto-protone, for maxi- 
mal protection, was 10.0%. This concentration was used subsequently with 
varying quantities NaCl when experiments were conducted determine 
the effect NaCl and other inorganic salts the death the air-borne cells. 
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All inorganic salts tested were found extremely toxic the air-borne 
cells during the and periods air storage and death rates were high 
that all cells were dead within hour. 


TABLE III 


The effect NaCl concentration the death rates marcescens and coli 


0.1 1.10 1.09 0.029 0.030 0.103 0.110 
0.3 1.15 1.16 0.029 0.033 0.130 0.130 
0.5 1.13 0.031 0.035 0.156 0.159 
0.7 1.20 0.042 0.044 0.155 0.157 
1.0 1.36 1.30 0.044 0.046 0.163 0.165 
1.34 1.33 0.048 0.043 0.160 0.160 
1.38 1.34 0.043 0.049 0.151 0.153 
2.0 1.37 1.38 0.051 0.055 0.169 0.161 


A=S. marcescens, B =E. coli. 


Table III demonstrates the effect various NaCl concentrations the 
death marcescens and coli 50% R.H. other salts tested behaved 
like manner. When the effects R.H. NaCl aerosolized cells were 
studied marked decrease the value was found 65% R.H. with 
NaCl. This decrease rate was produced the chlorides and sulphates 
potassium, sodium, manganese, and magnesium. Nitrates and nitrites 
were toxic. This peculiar phenomenon was considered, therefore, due 
the anion and was later found that anion ionic strength 1.2 was 
optimal for survival during the period. 

Table demonstrates the effect R.H. cells aerosolized from 


NaCl. 
TABLE 


The effect R.H. the death rates marcescens and coli aerosolized from 
NaCl 


Ko Ki 

30-32 1.48 1.44 0.045 0.048 0.115 0.120 
40-43 1.42 1.41 0.047 0.046 0.110 0.130 
50-52 1.37 1.38 0.051 0.055 0.169 0.131 
65-66 0.11 0.08 0.052 0.053 0.165 0.177 
70-71 0.03 0.03 0.051 0.052 0.162 0.160 
80-82 0.02 0.03 0.054 0.054 0.153 0.144 
90-91 0.01 0.02 0.053 0.057 0.145 0.146 


The lowering some salts high concentrations, and the tremendous 
toxicity all salts during the later stages air storage, indicated that 
difference existed between the initial killing and the later slower death. Also 
was noticed that the death rate cells aerosolized from salts had 
maximum value between R.H. and was felt that the peaks death 
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rates 60% R.H., noted other workers (4), were associated with NaCl 
action and experiments were conducted, therefore, using 10% Bacto-protone 
and various concentrations NaCl test this hypothesis. 

was found, 50% R.H., that increasing the NaCl concentration in- 
creased all death rates, and also that the lowering NaCl concen- 
trations did not occur the presence the protone (Table V). 


TABLE 
The effect NaCl concentration the protective action 10% Bacto-protone 50% R.H. 


0.1 0.86 0.83 0.006 0.009 0.029 0.029 

0.3 0.91 0.85 0.006 0.005 0.028 0.023 
0.5 0.95 1.03 0.009 0.012 0.032 0.020 
0.7 0.99 1.19 0.023 0.021 0.043 0.044 
1.0 1.31 1.55 0.031 0.033 0.062 0.051 
1.3 1.62 1.93 0.030 0.041 0.081 0.086 
1.5 2.16 2.41 0.037 0.040 0.087 0.088 
2.0 2.31 2.36 0.038 0.052 0.086 0.095 


marcescens, =E. coli. 


The effects relative humidity aerosolized cells were 
quite different from those protone water atomized cells (Fig. 
mum values the death rates appeared 60% R.H. and when concentrations 
NaCl exceeded 0.7 increase was observed 30% R.H. The 
same peaks were observed with coli and subtilis but NaCl seemed 
have effect albus. These results seemed agree with those 
Dunklin and Puck (4). Since, however, the cells were more air-stable 
concentrated solutions protone than water, seemed reasonable 
assume that the death the cell was associated with cellular structure rather 
than osmotic effects. was felt the author, therefore, that the protective 
action some amino acids and their higher polymers was due the ability 
these substances maintain cellular protein structure during periods 
desiccation. 

The fact that all chlorides tested affected the aerosol behavior the cells 
like manner was taken indicate that the effects NaCl were due 
the ion. Since this ion inhibited the cellular protection protone, and 
would react with the basic groups this compound, was considered that 
the basic groups protone were involved the protective mechanism and 
hence acidic groups the cellular protein associated with death. 

The chloride ion, however, was also extremely toxic the air-borne cells, 
thus combination the ion with the basic groups the cellular protein 
was toxic, indicating the involvement also protein basic groups the 
death mechanism. It, therefore, seemed possible that the salt linkages the 
protein molecules were being destroyed aerosolization, but was difficult 
visualize how this could brought about the removal cellular water 
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and was decided follow the observation that dextrin afforded stability 
air-borne cells (16). 

Cells the four organisms were aerosolized from 10% solutions various 
hydroxy compounds and sugars 50% R.H. and, was observed with the 
amino acid polymers, protection the cell during air storage seemed 


= PROTONE 

@ = PROTONE + 0,1M Nac! 
& = PROTONE + 0.5M NaCl 
= PROTONE + 0.7M NaCl 


RELATIVE HUMIDITY 


Fic. The effect NaCl the protective action 10% Bacto-protone for 
marcescens, 


function the chain length the added compound. Glycol and glycerol 
were extremely toxic, erythritol and the pentoses had effect the cells, 
but some hexoses, such glucose and mannose, afford some stability. The 
ketoses sorbose and fructose were unprotective were the sugar alcohols 
mannitol and dulcitol. Sucrose and dextrin afforded some stability but 
soluble starch did not (Table VI). 

was evident, since the same weight volume ratio had been used all 
solutions, that the structure the added compound was involved its action 
the bacterial cells. The ketose sugars and the sugar alcohols, being slightly 
toxic, whilst the aldoses appeared protective suggested that the carbonyl and 
primary alcohol groups might toxic, and that the secondary alcohol groups 
were protective. Because this and since six-carbon chain longer 
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TABLE 
Death rates marcescens and coli aerosolized from 10% sugar solutions 50% R.H. 

and 25°C 

1.10 0.027 0.026 0.036 0.031 0.022 0.020 
Glycol 1.19 0.030 0.040 0.080 0.091 
Glycerol 0.94 0.98 0.035 0.039 0.064 0.066 
Erythritol 0.93 0.96 0.027 0.026 0.032 0.035 0.019 0.020 
Xylose 0.99 0.99 0.026 0.024 0.038 0.030 0.018 0.019 
Ribose 0.86 0.94 0.024 0.026 0.039 0.040 0.015 0.019 
Glucose 0.63 0.58 0.009 0.006 0.019 0.016 0.010 0.010 
Fructose 1.01 1.08 0.028 0.031 0.038 0.039 0.018 0.015 
Mannose 0.95 0.98 0.027 0.029 0.017 0.016 0.016 0.015 
1.16 0.030 0.036 0.042 0.040 0.018 0.016 

Galactose 0.96 0.85 0.010 0.011 0.028 0.026 0.013 0.011 
Dulcitol 1.10 1.18 0.026 0.029 0.049 0.046 0.020 0.019 
Sucrose 0.76 0.81 0.018 0.016 0.021 0.024 0.014 0.011 
Soluble starch 1.09 1.10 0.028 0.027 0.041 0.036 0.018 0.017 


Givcose 


GLUCOSAMINE 


CLucosamine 


TIME IN HOURS 


Fic. The effect methylation and the added compounds 
the death rate marcescens (30% R.H. and 25° C). 


appeared necessary afford stability the cells, cells were aerosolized from 
solutions hydroxyhexanes. However, all the straight-chain hexanes 
with one, two, three groups placed different positions the 
hexane chain proved very toxic. This was taken indicate that the 
protection glucose must afforded the glucopyranose ring structure. 
test this assumption cells were sprayed from 10% solution methyl 
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glucoside and was found that the methylation glucose all protection 
was lost (Fig. the knowledge that the amino group might also 
protective, cells were aerosolized from 10% solutions glucosamine and 
N-acetyl glucosamine and can seen from Fig. that glucosamine was 
highly protective and acetylation only destroyed its protective action, 
air-borne cells, during the first hour air suspension period). 

The above results were taken indicate that the amino group could 
afford stability the cells 50% R.H., during the early stages aeroso- 
lization 30% R.H., and that the lower R.H. levels (30% R.H.) the 
secondary alcohol group was required protect the air-borne cells. Since 
ring structure seemed necessary for protection, was decided examine 
the effects both the —OH groups substituted, different positions, 
six-carbon ring. Owing solubility problems was not always possible 
use the same weight/volume ratios the compounds water. Where 
solubility allowed, solutions were used and saturated solutions all 
other cases. 

initial study the action phenol and polyhydroxybenzenes air- 
borne cells was compared with that polyhydroxycyclohexanes and was 
found that all the hydroxybenzenes were extremely toxic but that the hydroxy- 
cyclohexanes were protective. Little difference could found between 
the ortho, para, and meta dihydroxycyclohexanes, but the degree protection 

seemed increase with the number groups the cyclohexane 
ring with inositol affording the greatest degree protection. 

order simplify the presentation these results, Table VII was com- 
piled. this table the mean death rates cells over 5-hour period 
air suspension are tabulated two levels R.H. (30% and 50% R.H.). 
These rates represent the and periods combined and the small decrease 
the mean death rate cells, 30% R.H., aerosolized from solutions 
amino substituted compounds was due small reduction values. 

When concentration effects were studied, was found that the optimal 
concentration for maximal protection varied with each compound did the 
degree protection (Table VIII). was noticed that the concentrations 
for glucose and inositol were very similar those reported for the protection 
guinea pig complement against heat inactivation 53°C (7). These 
authors also reported that dulcitol had protective action. 

The significant feature from these data was the gross toxicity the hydroxy- 
benzenes and the protectiveness the hydroxycyclohexanes. This was 
taken indicate that the substituted hydrogen atoms were involved the 


protective mechanism and seemed reasonable assume that the 
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TABLE VII 


The mean death rates marcescens over 5-hour period air suspension when aerosolized 


from various solutions 


Death rates* 


Compound, solution 30% R.H. 50% R.H. 
Water 0.046 0.022 
Aniline 0.039 0.018 
Acetanilide 0.051 0.028 
o-Phenylenediamine 0.038 0.006 
m-Phenylenediamine 0.037 0.007 
p-Phenylenediamine 0.031 0.009 
o-Aminoacetanilide 0.047 0.019 
m-Aminoacetanilide 0.046 0.025 

-Aminoacetanilide 0.048 0.018 
henol recovery hour 
Catechol recovery hour 
Resorcinol recovery hour 
Hydroquinone recovery hour 
Pyrogallol recovery hour 
Polyhydroxybenzene recovery hour 
o-Dihdroxycyclohexane 0.012 0.012 
m-Dihydroxycyclohexane 0.010 0.013 
p-Dihydroxycyclohexane 0.013 0.009 
1,3,5-Trihydroxycyclohexane 0.010 0.009 
1,2,3-Trihydroxycyclohexane 0.008 0.009 
Inositol 0.006 0.008 
o-Aminophenol 0.009 0.008 
m-Aminophenol 0.044 0.018 
p-Aminophenol 0.025 0.010 
*Each figure represents the average three experiments. significant difference represented +0.0015. 
TABLE VIII 
The death rates marcescens aerosolized solutions various stabilizing compounds 
25° 
Optimal Mean death rate over 5-hour period 
concentration, 
Compound 30% R.H. 50% R.H. 
Water 0.046 0.022 
Bacto-protone 0.005 
Glucose 20.0 0.017 0.014 
Glucosamine 20.0 0.007 0.007 
o-Phenylenediamine 1.0 0.038 0.006 
o-Aminophenol 1.0 0.009 0.008 
Inositol 7.0 0.0006 0.004 


was the effective group; however, there was the anomaly 
This compound seemed protect the cells better than inositol the higher 
R.H. levels but was inferior low R.H. 

The experimental data suggested, therefore, that both the secondary 
alcohol and amino groups six-carbon ring could protect the cells some 
stage against aerosol death, the group being effective 50% R.H. 
and above during the early stages only lower R.H. levels. 30% 
R.H. the alcohol group was the effective group. Figure demonstrates the 
effect R.H. the cells aerosolized from water and solutions inositol 
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PLATE 


Fic. left: colony grown glucose. Upper right: colony grown sucrose. 
Lower left: colony grown the sucrose medium containing indoleacetic acid. 
Lower right: colony grown the sucrose medium containing 2,4,6-trichloro- 
phenoxyacetic acid. 
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Fic. that synnemata develop from utilization the endogenous 
nutrients present the vegetative hyphae. The mycelium from shake flask culture 
grown IS-M medium was washed, collected Whatman No. filter paper, washed 
again, and the mycelium and paper placed paper platform moist chamber. The 
fungus cannot utilize cellulose. Synnemata also when fritted glass filter used 
place paper. 


Taber—Can. J. Microbiol. 
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(7%), glucose (10%), (1%), and o-aminophenol (1%). 
can seen that 70% R.H. and above the death rate the cells very 
small (0.004), representing only one half order drop viability after 
hours air suspension. these R.H. levels protection seems 
afforded the cells any compound. between and 50% R.H. inositol 
appears less protective than with the reverse true 
lower R.H. levels. 


@- 20 

O-AMINOPHENOL 
O-PHENYLENE 

Ww DIAMINE 

0.03 

Ww 0.02 


RELATIVE HUMIDITY 


Fic. effect R.H. the death rate marcescens aerosolized from various 
solutions 25° 


the aminophenols only the o-aminophenol was able stabilize the cells. 
would seem, therefore, that ortho substituted amino group can prevent 
the toxic action the primary phenolic group. The complete lack 
protection meta aminophenol made appear that steric factors and bond 
distances were important the protective mechanism. 

There was, too, the possibility that the nature the ring structure the 
compounds might also involved determining the activity compound. 
Thus, the resonance nature the hydroxybenzenes, opposed the non- 
resonance structure inositol, could some way account for the differences 
their action air-borne cells. 

order determine whether not the nucleus the compound had 
any effect, cells were aerosolized from solutions 2,4-dihydroxypyridine, 
2,6-dihydroxy-1,4-diazine, and uracil. Unfortunately the hexahydro deriva- 
tives these compounds were not available the time experimentation, 


however, marked difference was found between the three compounds 
(Table IX). 


q 
q 
0.05 
Ld 
q 
q 
4 
q 
| 
q 
a 
7 


CANADIAN JOURNAL MICROBIOLOGY. VOL. 1960 


appeared, therefore, that the incorporation nitrogen atom into the 
ring reduced the toxicity the compounds, and that two nitrogen atoms 
the ring structure produced compound that was protective air-borne 
cells during the period aerosolization (Table IX). 


TABLE 


The effect the ring nucleus dihydroxy compounds the death rates marcescens 
and coli 30% R.H. and 


Ko Ki Ky 
Water 1.51 0.035 0.035 0.046 0.044 0.046 0.041 
Resorcinol 2.78 3.00 0.102 0.110 
2,4-Dihydroxypyridine 0.029 0.028 0.041 0.044 0.031 0.033 
2,6-Dihydroxy-1,4- 
diazine 1.09 1.40 0.025 0.024 0.034 0.030 0.009 0.010 
Uracil 1.00 1.36 0.023 0.032 0.030 0.005 0.005 


A=S. marcescens, coli. 


All the varied effects the added compounds air-borne cells were found 
the same for marcescens, coli, and subtilis. With albus only 
small amount protection inositol could detected very low R.H. 
(30%) during the Ko, and periods. However, owing the natural 
aerosol stability this organism, the difference between the decay rates 
water and inositol aerosolized albus cells was very small. With the excep- 
tion NaCl, toxic compounds such phenol, resorcinol, and glycol were 
equally toxic the Staphylococcus they were the other three organisms. 

All the protective compounds contained groups that might able 
replace water molecules (H—O—H) the cell during desiccation. has 
been found that glucose will increase the survival freeze-dried bacteria and 
suggested that this might due the retention water the glucose (6). 
Since methylation glucose destroyed the protective action glucose 
air-borne cells, the retention water hypothesis this instance did not 
seem explain the action glucose. was considered more likely that, 
since structural and steric factors were involved, some combination between 
the cellular protein and the protective compounds prevented collapse the 
protein structure desiccation. The combination between the cellular 
protein and compound would have means bonds similar strength 
those bonds and reversible with water. would 
possible, therefore, for compounds such glycerol and glycol two 
things during cellular drying: 

compete with the protein groups for available water molecules and 

(b) combine irreversible way with the cellular protein and destroy 

its native structure. 

Similarly any compound not having six-membered ring nucleus and pos- 
sessing groups with strong water affinities would expected toxic 
the air-borne cells. Thus seemed possible that the toxicity the ketonic 
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group fructose and sorbose might override the protectiveness their 
secondary alcohol groups. Similarly the presence primary alcohol 
group and oxygen atom glucose-pyranose could account for the small 
protection glucose opposed that inositol. 

the case inositol and the protective amino compounds was difficult 
visualize other than through hydrogen bonding. Forbes 
and Knight (5) were able show that the intramolecular hydrogen bonds 
between benzoic acid molecules were continually formed, broken, and reformed 
and that ‘‘the characteristic ultraviolet spectrum this compound was only 
evident the bonds were formed often seemed reasonable 
that dynamic system between protein—water and could 
exist equilibrium. 

aerosols the cells are gaseous environment and the protein—water 
exchanges only involve the ‘bound water’ and water vapor the air, and 
equilibrium resulting too little would result death. The 
secondary alcohol groups inositol, hydroxycyclohexanes, and the amino 
groups aniline, etc. were presumed, therefore, able replace 
molecules and maintain structure through hydrogen bonding. 

test these assumptions was considered that 

(a) known protein hydrogen bond breaking substances such urea should 
interfere with the protective action inositol, 

(b) NaCl, being able displace bonded water, should also able 
displace inositol, 

(c) the configuration the added substance was important, compounds 
with the same empirical formula, but not structure, should affect the 
air-borne cells differently. 

Cells were aerosolized, therefore, solutions inositol with and with- 
out molar urea, guanidine, and thiourea and various concentrations 
NaCl. test the need for correct configuration the added compound, 
cells were aerosolized from solutions glycine which had previously 
been found slightly protective, and glycolamide. 

The results these experiments are tabulated Table can 
seen that urea and guanidine were toxic and seriously inhibited the action 
inositol. Thiourea, the other hand, was not toxic, and did not inhibit 
the protection inositol. 

marked difference between the action glycine and glycolamide was 
observed, the latter being toxic that all the cells were hour. 
This action resembled that urea and was taken indicate that the 


group was the toxic fraction. 


Glycine Glycolamide Urea 
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TABLE 
The effect various compounds the inositol aerosols marcescens 

Mean death rate, hours 
Suspending fluid Compound alone Compound plus inositol 
inositol 0.0008 
urea recovery 0.019 
guanidine 0.038 0.023 
thiourea 0.024 0.002 
0.1% NaCl 0.105 hour 0.005 
0.5% NaCl 0.104 hour 0.018 
1.0% NaCl 0.108 hour 0.020 
5.0% NaCl 0.116 hour 0.038 
glycine 0.016 0.001 
5.0% glycolamide recovery 0.037 


Glycolamide was also able inhibit inositol action whereas glycine did 
not. seemed reasonable assume that compounds with this group would 
able hydrogen bond onto peptide similar links, e.g. 


—N—H... 


and possibly change structure irreversible manner. Glycine would 
not expected function this way and any bonding between this com- 
pound and protein would probably ionic involving the Zwitterion form. 


Discussion 


large amount work has been conducted the use glycols aerial 
disinfectants (10, 15, 22, 23) was with surprise that the author found 
glycols toxic air-borne cells. However, the above authors reported that 
the toxicity glycols air-borne cells was function R.H., some being 
more toxic high R.H., others low R.H. was also noted that, even 
concentrated solutions, glycols were not toxic cells suspended glycol 
solutions. The toxicity, therefore, was associated with the desiccation 
the bacterial cell. Glycerol and lactic acid behaved likewise, although the 
toxicity glycerol was less than the glycols. 

the present studies all polyhydroxy straight chain compounds were 
found toxic the air-borne cells and was not until six-membered 
ring compounds were used that protection became apparent. This strongly 
indicates that the actions the compounds are through interaction with 
the proteins and that configuration and steric factors are important deter- 
mining whether the reaction toxic protective the cells. felt 
that the need for ring structure due the necessity for the compound 
fit into between protein molecules, for highly possible that the protein 
molecule itself hexagonal shape. 

The various reactions compounds were strongly dependent R.H. 
and evident that the peaks death rates 65% R.H. observed 
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other workers (4) are due the action solutes and particular NaCl. 
Where cells are aerosolized from growth medium apparent that even 
the medium well defined, but contains protein hydrolyzate, the degree 
hydrolysis the original medium constituent, the degree which 
has hydrolyzed due microbial metabolism, will affect the subsequent 
death rate the cells air. possible also that some the apparent 
loss aerial stability cells after liquid storage their growth medium 
due slow hydrolysis the nitrogenous compounds the medium. The 
products metabolism will also affect the characteristics the death 
cells aerosolized from growth medium. inositol formed, peak could 
appear 40% glycerol glycol produced, peaks death rate 
may appear 30%, 60%, 80% R.H. depending the compound; and 
peptones are formed the presence NaCl peak will occur 60% R.H. 
and soon. The apparent discrepancies workers the R.H. effects 
are undoubtedly due the failure recognize the large effects the medium 
from which cells are aerosolized. The effect solutes air-borne cells 
makes appear that they interfere with the relationship between cellular 
water and atmospheric water vapor. thus assumed that compounds 
with groups having stronger affinity for water than the protein groups 
will compete with the protein for its water and bring about change protein 
structure. Low (11) has reported that there definite shrinkage pro- 
teins when alcohols replace the water protein molecules. the event 
that, there insufficient water, the solute may combine with the protein 
itself and making strong hydrogen bond bridges bring about irreversible 
structural change. 

The importance structural and steric configuration due, all proba- 
bility, the need for the solute not only fit into the proteins but also 
combine with the protein such manner preserve its natural config- 
uration. That structure involved clearly demonstrated the action 
the hexose sugars for, general, the aldoses are more protective than 
ketoses and the sugar alcohols are slightly toxic. Since the methylation 
one the secondary alcohol groups glucose destroyed its protective ability, 
can argued that this group that protective. However, more 
likely explanation that the and primary alcohol groups, having 
strong water affinity, are toxic and counteract the protective action the 
secondary alcohol groups. This explanation strengthened the tremen- 
dous protective ability inositol. 

The fact that only the amino group and the secondary alcohol are able 
afford cellular aerosol protection strong indication that these groups 
replace water molecules and, since they would not subject any equilibrium 
exchanges, they are able maintain structure and hence viability air-borne 
cells for long time. Further, very strong evidence support this the 
increase protective ability with increased number hydroxyl groups 
the cyclohexane nucleus. There is, nevertheless, the problem the gross 
toxicity the hydroxybenzenes. This assumed due the lack 
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second hydrogen atom with each the groups, hypothesis supported 
the protectiveness and the toxicity the meta compound. 
possible that one the amino hydrogen atoms aminophenols can 
function the same way the atoms the hydroxycyclohexanes, provided 
that the amino group ortho the hydroxyl group. This explanation ap- 
peared reasonable until was found that uracil also afforded some protection. 
appears that two nitrogen atoms the ring nucleus can prevent also the 
toxicity the groups, but protection only apparent during the later 
stages aerosolization. noticeable that the toxicity the group 
gradually decreased the number atoms the ring nucleus increased 
and since known that the group becomes less acid when placed 
pyrimidine ring, can assumed that protection due the lesser ability 
groups this compound ionize. This similar hydroxyproline, 
which one the amino acids found afford cellular protection. 

The similarity between all protective compounds, that they all contain 
groups potentially capable replacing water molecules and all possess groups 
able hydrogen bond, strongly indicates that death and its protection 
due the breaking making respectively hydrogen bonds. The actual 
reason for inactivity may well the formation very strong bonds 
even covalent links between protein molecules after the removal water, and 
has been suggested that this process can occur some protein crystals (20). 

The involvement hydrogen bonding made more evident the action 
urea and guanidine air-borne cells. These two substances form very 
strong hydrogen bonds and are extremely toxic the air-stored cells. Urea 
denaturation proteins solution reversible (8), but after dehydration 
appears become irreversible. also known that chloride and sulphate 
ions will retard urea denaturation arachin (9, 14), and was found also 
that these ions will inhibit the toxicity urea toward air-borne cells. The 
salts alone, however, were extremely toxic except for the apparent protection 
high concentrations during the period death. This protection 
assumed due slight retardation drying rate, although some ions, 
e.g. and were toxic even during this period. Since, however, 
the ion known cleave S=S links (1) possible that the toxicity 
the nitrates completely different mechanism. This further 
indicated the fact that the nitrate ion also toxic freeze-dried mar- 
cescens cells There too the possibility that high salt concentrations 
can prevent the sudden chill death some salts 0.3 sucrose were found 
effective preventing this death (12). 

The fact that urea, guanidine, and the ion are able inhibit the pro- 
tective ability inositol strongly indicates that protection during desiccation 
afforded the cell means hydrogen bonds between inositol and the 
cellular protein. However, evident that the strength the hydrogen 
bonds formed, between the solute and cellular protein, also determines their 
relative actions air-borne cells. This suggested the differences 
action between the hexose sugars, the sugar alcohols, inositol, and urea. 
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That hydrogen bonds varying strengths are involved during different 
time intervals and R.H. levels aerosolization strongly indicated the 
fact that the amino group only protective during the period low R.H., 
but protective all periods high R.H. and also that the secondary 
alcohol group effective stabilizer low R.H., but less effective 


higher levels. 
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FACTORS AFFECTING THE VIABILITY AIR-BORNE BACTERIA 


THE ROLE BONDED WATER AND PROTEIN STRUCTURE 
THE DEATH AIR-BORNE 


WEBB 


Abstract 


The relationship between cellular water and the death air-borne cells, and 
the effect added substances these relationships, has been studied. The 
rate death air-stored cells has been correlated with the amount water 
bonded the cellular proteins. Refractive indices cells, measured light 
scatter and interferometry, have suggested that cells suspended solutions 
various compounds contain less water. With the exception urea, the more 
able compound displacing water, the less its protectiveness air-borne 
cells. Inositol produced the smallest change the water content and refractive 
index cells. This taken indicate that, the absence water, this com- 
pound can form hydrogen bonds with cellular protein which are reversible with 
water. There appears also some relationship between the Gram stain 
reaction and aerosol stability the cells. Ribonuclease and lysozyme treatment 
air-stable cells rendered them air sensitive, whereas resistance some anti- 
biotics, and suspension some antibiotics, afforded stability air-sensitive 
cells. suggested that the site damage the cellular which 
break down desiccation and result loss differentiation within the cell. 


Introduction 


previous work (60, 61) had been suggested that the death air-borne 
cells was connected with the ‘bound water’ the cell and its relationship 
with ions, molecules, and atmospheric water vapor. had been found that 
polyhydroxy and amino compounds could enhance the aerosol survival 
bacteria, and was felt that these compounds were able replace water 
molecules protein structure during periods desiccation. seemed per- 
tinent, therefore, study the relationships between cellular water and the 
death the cell and the effect added substances these relationships. 


Materials and Methods 
Organisms 
Serratia marcescens (Fort Detrick strain 100) 
Escherichia coli (type University Alberta) 
Staphylococcus albus (University Alberta) 
Bacillus subtilis (Fort Detrick) 


II. Culture 
Organisms were cultured for hours 30° Bacto-tryptose plus 
Bacto-dextrose rotary shaker. 


III. Water Content Measurements 
(a) Equilibrium and Dry Weight Measurements 
Films cells were made evenly spreading 200 wet weight cells 
dried preweighed cover slips. These films were then placed the pan 
received June 22, 1959. 
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microbalance housed cabinet which temperature and humidity were 
controlled. The films were then allowed equilibrate with the atmosphere and 
water loss determined. The total water content was later calculated drying 
the films 110° and reweighing. Since was not possible spread water 
evenly the cover slips, second series experiments were made with 
films 1-in. aluminum planchets containing Millipore filter disk onto 
which 200 cells had been deposited filtration. This was done order 
facilitate comparison between the evaporation cellular water and water 
film equal dimensions. 


(b) From Refractive Index Measurements 

The refractive index cells suspended water and solutions was obtained 
using AO-Baker interference microscope. Measurements were made with 
1-mm (X100) shearing objective green light provided Baker 390B 
mercury arc lamp. The maximum retardation phase light through the 
cells was measured extinction point measurements, first preparations 
mounted distilled water and then solutions various compounds. The 
refractive index was then calculated from equation and solid content from 


ion 


refractive index cells, 

refractive index medium, 

mean retardation phase light, 
thickness cell (0.7 

wave length light. 


per cent solid, 
refractive increment cellular solids (0.0018) (16). 


where 


where 


The refractive index the cells was also determined light-scattering 
measurements using Coleman nepho-colorimeter No. modified collect 
all light scattered through 120° from the incident beam. the calculations 
was necessary utilize the refractive index cells suspended water, 
found with the interference microscope, and the refractive indices the 
suspending fluids obtained from the International Critical Tables. With these 
quantities known was possible calculate the refractive index the cells 
from equation (22). 


where total light scattered cells water, 


total light scattered cells solution, 
refractive index suspending medium, 
refractive index cells water, 

refractive index cells solution. 


and were measured Coleman Nephelos units. 
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IV. Strains 
These were obtained growth gradient plates the appropriate 
antibiotic. 
Results 


The results water-content measurements cells marcescens, dried 
various levels.of R.H., are plotted Fig. together with the mean death 
rate (K) for 5-hour period air suspension. can seen that even high 
R.H. (90%) the cells lose considerable water, but that the death rate very 
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The effect R.H. the death rate and water content marcescens 


small. Since would expected that, aerosols drops, this water 
loss would take place within second, seemed reasonable assume that the 
initial kill (Ko) was associated with this loss water. The death rate, after 
this period, however, appeared associated with little per 
100 protein and, can seen from Fig. the death rate increased rapidly 
the water content, equilibrium, decreased below this level. has 
been abundantly shown that proteins can contain per 100 
protein bound form (10, 27), the amount water involved suggested 
that only the bound water was concerned the death mechanism and 
seemed reasonable assume that death was direct result the loss 
bound water. 

The results experiments the effect temperature the rate evap- 
oration water from films cells are plotted typical Arrhenius fashion 
Fig. would appear that the evaporation water down approxi- 
mately protein has the same activation energy that 
for the evaporation from water film. was noted that the value (9300 
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cal/mole) obtained for the water film was good agreement with the value 
stated the International Critical Tables. Surprisingly, further water was 
removed the value became less, and was assumed that this was due 
either the lack some bonding the water layers became 
fewer exothermic protein-protein bonding. 


E=6000 
7600 CAL/ MOLE 


9400 CAL/MOLE 


EVAPORATION RATE 
WATER FROM CELLS 


w 


9300 CAL/MOLE 


LOGe 


300 310 320 330 340 350 


Fic. The effect temperature the evaporation from marcescens and 
water surface. 


Cells suspended salt solution have been reported scatter more light 
than cells suspended water (28), and since the binding (11) and 
dodecyl sulphate (15) respectively serum albumin has been detected 
light-scattering measurements, seemed possible that the increased scatter 
bacterial cells was due combination the cellular protein and the 
added substance. Light-scattering measurements were made, therefore, 
constant number cells suspended different solutions. 

order make calculations water content from these measurements, 
was necessary know the refractive index cells suspended water and 
since similar measurements have been made (48) using interference micro- 
scope, was decided use this technique obtain the required measure- 
ment. Small changes have been observed the refractive index solutions 
sulphanilamide and serum (21), and gelatine detergent solutions 
attributed protein compound complexes. seemed reasonable, therefore, 
use the interference microscope check the refractive indices calculated 
from light-scatter measurements. 
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Tables and are tabulated (a) the light scatter Nephelos units 
cells/ml various solutions, and the mean phase retardations 
light together with the calculated mean refractive indices. can seen that 
there was remarkably good agreement between the two techniques, and 
statistical analysis the results suggested that each the first four indices 
was significantly different. 


TABLE 

The light scatter Nephelos units cells/ml various solutions (S. marcescens) 
Mean 

refractive 
Suspending fluid Light scatter* Mean index 

24.5 24.6 24.5 24.5 24.7 24.5 

glucose 36.4 36.2 36.3 36.2 36.1 36.3 1.401 
glucosamine 33.6 33.8 33.6 33.3 33.5 1.398 
inositol 30.3 30.5 30.3 30.4 30.4 30.4 1.396 
NaCl 45.8 45.9 46.0 45.9 45.8 45.9 1.406 
glucose 36.3 36.4 36.1 36.3 36.3 1.401 
inositol 33.8 34.0 33.5 33.3 33.7 1.399 


*The five fi “aT are from five separate suspensions; each figure represents the average of six readings taken 
at intervals of 1 minute. 


TABLE 


The refractive index marcescens suspended various solutions, calculated 
rom interference microscope measurements 


Suspending fluid Angular phase retardation* 
glucose 27.6 27.6 27.8 27.6 1.400 
glucosamine 26.6 26.5 26.4 26.5 26.3 26.5 26.4 1.397 
NaCl 33.2 33.2 33.2 33.2 1.405 
glucose 
NaCl 27.4 27.4 27.8 1.400 
inositol 
NaCl 26.7 27.0 27.1 26.8 1.398 


*Each of the six figures represents the average of three readings taken from different areas of the slide. Six slides 
were prepared from separate suspensions, five of which had been used previously for light-scatter measurements. 


The close agreement between the two techniques suggested that the increase 
light scatter and refractive index was due combination protein with 
the added compounds. was noted that produced the largest change 
and inositol the smallest and since has been reported that the ion can 
displace bonded water from wool (33) was felt that similar phenomenon 
was occurring within the cell. Assuming the specific volume cellular solids 
0.75 (2) water contents were calculated from the refractive indices and 
compared with those calculated from dry weight measurement. The results 
are tabulated Table III. 

The water content from dry weights was found higher approxi- 
mately 10% every case and this was assumed due water trapped 
between the cells after sedimentation. This quantity would not measured 
the other techniques and agrees favorably with the amount 
trapped pellets Escherichia coli the radioactive techniques (8). 
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TABLE III 


The water content marcescens calculated from refractive index 
and dry weight measurements 


Refractive index 


Suspending fluid Dry weight* Light scatter 


Water 


glucose 84.5 74.6 75.0 
glucosamine 85.6 75.8 76.4 
inositol 87.2 76.7 77.1 
NaCl 80.4 70.0 70.4 
glucose NaCl 83.4 74.6 75.1 
inositol NaCl 85.2 75.4 75.8 


*Each figure represents the average six separate determinations cells from the same culture was used 
for light scatter and interferometry. 


All three methods, therefore, showed extremely good agreement. was noted 
that inositol produced the smallest change and was the most effective sta- 
bilizer air-borne cells, whereas NaC! produced large changes and was toxic. 
all cases the cells seemed contain slightly smaller amounts water 
ranging from for inositol 10% for NaCl. Some this water 
undoubtedly dispiaced due the increased mass the cellular fluid, but 
since this amount would very small must assumed that some the 
water actively displaced combination the substance and protein. 
This could only occur the ions molecules were competing for absorption 
sites the protein molecule. Secondly, change refractive index could 
detected, the above methods, combinations density changes 
the cellular solids had not occurred. The fact refractive 
indices were close those calculated from interferometry suggested also 
that change cell size was not operative the increased light scatter 
least was little importance. significant feature was the fact that, the 
presence inositol glucose, the refractive index change, produced 
NaCl, was reduced approximately that the two compounds and the water 
content was also higher dry weight measurement. This seemed indicate 
that these two compounds were able prevent the action the chloride ion. 

The above experiments demonstrated that the added compounds were 
quickly taken the cell and that equilibrium with the external fluid 
was established. this were not the case the water contents calculated from 
refractive indices would have been far greater than those from dry weight 
measurements. Also has been demonstrated that coli freely permeable 
ions, small molecules, sugars, and peptides (8). interest note here 
that the Gram-positive staphylococci, and citreus, did not show this 
increase refractive index when suspended fluids differing composition 
and both these organisms are extremely air stable. has been demonstrated 
(38) that staphylococci are impermeable passive diffusion many ions 
and molecules and that active transport necessary carry some molecules 
into the cell. Dry weight measurements and refractive index measurements 
indicated that the staphylococci possess less water than the Gram-negative 
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cells marcescens and coli, their water content being approximately 
that marcescens suspended inositol. 

was assumed that, adding inositol, complex was 
formed and that this complex was equilibrium with complexes 


TABLE 


The water content several organisms indicated from 
refractive index measurements* 


Organism Refractive index Water content 
marcescens 1.382 79.2 
1.383 79.0 
albus 1.394 74.6 
citreus 1.396 
subtilis 1.390 76.3 
catarrhalis 1.388 


*Measurements were made cells suspended distilled water. 


whilst liquid environment. desiccation occurred, however, the equilib- 
rium moved toward the complex. This type system would 
similar that described Cann (7), who stated that the difference 
electrophoretic patterns proteins carboxylate buffers was probably due 
complexes proteins with undissociated molecules and that these complexes 
were equilibrium with the normal protein. 

The chloramphenicol-resistant strain was found more resistant 
aerosol death than the sensitive strain. Surprisingly, however, would appear 
from Table that the same stability can afforded the cells suspending 
them 0.25% solution the drug prior aerosolization. Also can 
seen that chloramphenicol and some the tetracyclines were able stabi- 
lize the air-borne cells. was later found that the concentration the anti- 
biotic was important, and concentrated solutions terramycin, chlortetra- 
cycline, and norobiocin appeared toxic. The concentrations found afford 
stability are shown Table 

appeared, therefore, that the change protein produced antibiotic 
resistance gave the cells greater aerosol stability. The fact that suspension 


TABLE 


The effect various antibiotics and resistance the 
death rate marcescens 30% R.H. 


Mean Mean 
death death 
Suspending fluid rate Suspending fluid rate 
Water 0.044 tetracycline 0.046 
0.25% chloramphenicol 0.013 0.25% streptomycin recovery 
/20 novobiocin strain aerosolized from 


S/20 bacitracin 0.045 water 0.010 


saturated solution was made 100 distilled water and diluted 1:20. This was the concentration 
found produce the above effects. 
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the antibiotics prior also produced stability was taken 
indicate that the drugs behaved similar manner inositol, and were 
bonding with the cellular proteins. The fact that higher concentrations were 
toxic seemed suggest that equilibrium between water vapor, 
water, and complexes was established the aerosol. 

When the effect chloramphenicol was studied with respect time 
air suspension the organisms, was found that the greatest degree 
protection was afforded during the period (Table VI). This resembled the 
action uracil and was taken indicate some interaction involving the 


nucleic acids the cells. 
TABLE 


The effect 0.25% chloramphenicol the death rates air-borne organisms 
30% R.H. and 


marcescens 1.41 0.035 0.046 0.046 
Drug 1.00 0.025 0.030 0.005 
1.51 0.035 0.046 0.041 
Drug 1.13 0.024 0.033 0.006 
subtilis 0.081 0.020 0.024 0.020 
Drug 0.077 0.017 0.020 0.004 


The results far had indicated that the removal bonded water from the 
cellular protein was responsible for death but there still remained the possi- 
bility atmospheric oxidations. However, when cells were aerosolized from 
water into atmosphere (a) nitrogen, (6) carbon dioxide, air enriched 
with oxygen, difference death rates could detected. 

view the air stability the albus cells and the sensitivity the 
Gram-negative marcescens and coli, was thought that the air sensitivity 
might connected with the Gram staining reaction the cells. 

Various mechanisms responsible for the Gram stain reaction have been 
postulated during the last three decades, and work 1951 this subject 
has been reviewed (3, 56). Fischer and Larose (12, 13) stated that the 
staining reaction appeared connected with the difference isoelectric 
points the two groups organisms which concept that has been held 
for number years. Other workers, however, have sought identify 
substances peculiar Gram-positive cells (51) and has been found that 
Gram positivity can lost after chemical treatment the cells. Some 
bacteria are made Gram-negative extraction lipids (63), and the 
action lysozyme (58). large amount evidence has also been obtained 
for the involvement the Gram stain ribonucleic acids the cell. Henry 
and Stacey (18, 19) were able extract magnesium ribonucleate 
positive cells, making them Gram-negative, and restore Gram positivity 
recombining the cell and the ribonucleate. These observations were con- 
firmed Bartholomew and Umbreit (5), who also removed Gram positivity 
treating the cells with ribonuclease. 
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seemed reasonable that the Gram stain reaction could involve lipids, 
mucopolysaccharides, and ribose nucleoproteins and therefore, the aerosol 
stability was any way associated with the staining reaction, enzymic treat- 
ment the Gram-positive cell should render more air sensitive. Also 
was possible that changes might affect the aerosol stability cells. The 
effect had not been incorporated earlier experiments since salts had 
proved toxic and the salts any buffer would undoubtedly mask the 
effect pH. However, suspensions cells distilled water were acidified 
with citric acid and, since the Na* ion appeared have little effect air- 
borne cells, others were made alkaline with NaOH. 

Also cells albus were treated with (a) 0.1% solution lysozyme, 
0.1% solution lethicinase, and (c) 0.1% solution ribonuclease. The 
suspensions and enzymes were incubated water bath 37° for hours 
after which the treated cells were removed sedimentation 8000 r.p.m., 
washed, and resuspended distilled water. 


MARCESCENS 


B. SUBTILIS 


Fic. effect the death rate (K,) several organisms aerosolized from 
water 30% R.H. and 25°C, 


The effect pH, found only during the period, was small (Fig. 3), but 
cells were definitely less stable values below and above 10. This made 
fairly certain that the observed action the added chemicals air-borne 
cells was not due the slight changes the cellular suspension. When 
compounds were added was found, however, that the increase death 

effect lethicinase was detected these experiments, but both lysozyme 
and ribonuclease treatment was found decrease the stability air-borne 
albus cells (Table 
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TABLE VII 
The effect enzymatic treatment the air stability albus 30% R.H. and 25°C 


Nil 0.35 0.000 0.016 0.001 
Lethicinase 0.32 0.000 0.014 0.0006 
Ribonuclease 0.66 0.009 0.025 0.021 
Lysozyme 0.69 0.012 0.020 0.014 


appeared, therefore, that some connection with the Gram stain reaction 
might exist and since known that Gram-positive cells lose their Gram 
positivity aging, and that catarrhalis only Gram-positive when young, 
was decided examine the effect aging the aerosol stability 
marcescens, albus, and catarrhalis. 

The results, tabulated Table VIII, demonstrate that cellular age makes 
considerable difference the aerosol behavior both cocci but appears 
have effect marcescens. Also was interesting note that the 
Gram-negative cells wet storage were more stable than the Gram- 
positive albus. This complete reversal their respective behaviors 


during dry air storage. 
TABLE VIII 


The effect liquid storage time the air stability several organisms 


Storage Viable count 


time, after Gram 

Organism days storage reaction 
albus Nil 10° Positive 0.35 0.000 0.016 0.001 
3.0 10° Positive 0.038 0.000 0.013 0.0008 

1.6 10° Positive 0.39 0.0006 0.018 0.001 

6.0 Variable 0.44 0.001 0.020 0.007 

6.3 108 Variable 0.48 0.001 0.022 0.006 

catarrhalis Nil 6.6 10° Positive 0.63 0.003 0.007 0.008 
10° Negative 0.98 0.020 0.028 0.027 

3.5 10° Negative 0.99 0.022 0.026 0.028 

3.8 10° Negative 1.01 0.023 0.025 0.022 

3.2 10° Negative 0.96 0.024 0.026 0.024 

marcescens Nil 1.41 0.035 0.046 0.046 
1.0 Negative 1.39 0.033 0.042 0.044 


*The decay rates represent the average of three separate determinations. 


the time experimentation sample magnesium ribonucleate was 
not available; however, when ribonuclease-treated cells were aerosolized 
from solution Difco ribonucleic acid, neutralized with 
improvement the aerosol stability was observed, but further work 
required this topic. 
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Discussion 


The water content curve, Fig. very similar those reported Bull 
(6) for egg albumin and collagen, and Scott (53) for Salmonella newport. 
These authors reported that 80% R.H. approximately water were 
present per 100 protein equilibrium. 60% R.H. the reported water 
values per 100 were (a) collagen, egg albumin, and Sal- 
monella newport, For marcescens the present studies value 
was obtained. 

The author was unable detect any difference between the equilibrium 
water contents the four bacterial species. This makes appear that the 
bonding sites the water molecules determines its relationship cellular 
death. Thus water more firmly held the albus cells than marces- 
cens cells, the rate exchange with the environmental water vapor would 
slower the former organism and would more stable. Also there the 
possibility that the water molecules the coccus are bonded sites not 
vital cellular stability. 

Pauling (45) has pointed out correlation between the amount water 
which strongly bound proteins and the number ionic and polar groups 
the amino acid side chains. concluded that there was little binding 
water the peptide groups. However, the work Mellon al. (34, 35, 36) 
has suggested that the peptide groups can participate water binding and 
more recent work, the role water collagen structure, has been 
found that water, hydrogen-bonded groups, part the normal 
protein structure (14). Also, Linderstroem-Lang and Schellman (26), com- 
menting the reversible heat denaturation chymotrypsinogen, suggest 
that water, the interior native protein may form bonds thus: 


... O-H... 


which denaturation goes 


... 


There evidence, therefore, that water may bonded various sites 
the cellular protein and that this water may integral part the protein 
structure. 

The action these various solutes the water content the cells, 
measured light scatter and interferometry, can considered indicative 
the hydrogen bond strengths and the ability hydrogen bond, being 
involved the protective mechanism. Suspension cells inositol solution 
found affect their water content only slightly whereas glucose, glucos- 
amine, and NaCl solutions produce much larger changes. all cases cells 
contain less water than when suspended water alone, and interesting 
that the extent water loss appears parallel the toxicity the compound 
the air-borne cells. assumed, therefore, that the equilibrium between 
cellular protein, water, and compound solution governed the ability 
the compound combine with protein the presence water. From this 


— 


100 CANADIAN JOURNAL MICROBIOLOGY. VOL. 1960 


assumption would seem that inositol far less able displace water and 
hence its bonding power must nearly equal that water com- 
pletely reversible with water. However, the author was able detect only 
small change refractive index cells suspended urea, and since urea will 
prevent biological activity reasoned that, the presence large amounts 
water molecules, unable produce toxic changes protein structure, 
but can prevent the movement water molecules. This suggested the 
fact that urea denaturation, when conducted aqueous solutions, com- 
pletely reversible. 

The amounts water lost from cells suspended solutions these solutes 
(from g/100 protein for inositol g/100 for NaCl) suggest again 
that the bonded water involved. These compounds, therefore, possibly 
take positions between within protein molecules displacing some 
the bonded water. Perutz (46) divided the cellular water into two parts 
the NaCl content cells, but made allowance for the fact that the ions 
might combine with the protein. McMeekin (29), however, suggested that 
there was evidence that the chloride ion can combine with proteins and this 
has been confirmed McPhee (33), who found that the chloride ion can dis- 
place bonded water take water sites some proteins. has been demon- 
strated also that the density increases proportion with the 
sucrose concentration solution which protein crystal suspended (30, 
31, 32) and the same effect has been demonstrated for some viruses (52). 

seems, therefore, that the ability the compound displace bonded 
water reflected its toxicity air-borne cells. With the exception urea, 
the more compound able displace bonded water the presence large 
amounts water the more toxic air-borne cells. The toxicity urea 
toward dried cells all probability due its ability hydrogen bond with 
groups the dehydrated protein molecule and distort structure. 

evident that the mechanism responsible for cellular death aerosols 
greatly obscured the action the solutes present culture media, and 
seems reasonable that media, such that described Naylor and Smith 
(41), are protective dried cells combined effect the interaction be- 
tween the constituents (of ascorbic acid, urea, salts, and hexoses) themselves 
and the protein molecules. 

Death, therefore, appears due breakdown protein structure 
desiccation. However, unlikely that all the cellular proteins are equally 
able cause death denaturation and seems reasonable assume that 
death may only result from changes few regions the cell. Attempts 
locate the sites damage from hydrogen bond strengths are course futile, 
since any one molecule will possess groups capable forming bonds many 
different strengths. seems more likely that the regions within the cell, 
associated with death, can located better interference from 

(a) the types compound affording protection air-sensitive cells, 

the natural presence similar compounds aerosol-resistant cells, and 

(c) the loss resistance the chemical removal such compounds. 
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The fact that death associated with hydrogen bondings indicates that the 
lethal changes occur the tertiary structure the proteins and well 
known that forming links between adjacent helices sugars and lipids may 
act intermediates protein structure. is, therefore, assumed that pro- 
tective sugars and inositol are able form similar links, the cellular pro- 
teins, during periods desiccation. 

The aerosol stability the cells appears intrinsic property the 
structure the natural proteins peculiar species genus. This shown 
the difference aerosol stability between genera. However, apparent 
that training aerosol-sensitive species resist certain antibiotics the 
organism becomes considerably more stable during air storage. The anti- 
biotics able produce this effect appear only those that are known 
interfere with protein synthesis and assumed, therefore, that the drug- 
resistant strain has different protein structure from the parent strain which 
affords not only drug resistance but also aerosol stability. The most likely 
region for this change structure occur the nucleoproteins. 
has already been demonstrated that RNA from chloramphenicol-inhibited 
cells has different electrophoretic pattern from that the normal cell (44). 
Since was found, the author, that suspension the sensitive cells 
solutions chloramphenicol afforded the cell equal measure protection 
drug resistance, assumed that the drug affords protection combining 
with nucleoproteins. The inhibitory action chloramphenicol and other 
antibiotics well known concentration dependent, and the concen- 
tration too low enhanced growth can occur. Ramsey (47) has suggested 
that the drug interferes with RNA function and Urba (57) has shown that 
chloramphenicol inhibits not only protein synthesis but also protein degre- 
dation. Since both these phenomena involve the transfer water molecules, 
suggested that the growth-inhibitory action and the aerosol-protective 
action this drug are way the same mechanism, i.e. the blockage 
water absorption sites the RNA nucleoprotein molecules. The possibility 
that water may involved nucleoprotein structures suggested the 
work Spitkovski a/. (55), who have found that DNA protein molecules 
consist number small molecular units bound hydrogen bonds. 

interesting that the enhanced stability afforded air-borne cells 
chloramphenicol only apparent during the later stages air storage, and 
that protection some pyrimidines (e.g. uracil) affected during the same 
period. This also suggests that the nucleoprotein being affected. However, 
difficult visualize why pyrimidines should protect well chloram- 
phenicol since chloramphenicol presumably combines with cellular RNA and 
order protect cells uracil must also combine with proteins. The only 
explanation seems that uracil takes the place water molecules between 
compound and protein, and chloramphenicol does likewise between RNA 
and protein. clue the nature this compound found the work 
Rubenstein al. (50), who have found that red blood cell activity can 
preserved purine nucleosides. Since these studies reported earlier 
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paper (61), sugars and inositol have been found protective was felt that 
pyrimidines link sugar-like substances the proteins and that sugars in- 
ositol link RNA proteins. the air-sensitive cell, however, the carbo- 
hydrate inositol protein complex must lacking, that more likely 
that inositol and the sugars link not only RNA proteins but also some 
other compound. This also indicated the fact that the effects chlor- 
amphenicol and inositol are additive, but those sugars and inositol and some 
amino acids are not (59). Since Avigan al. (1) have found that serum lipo- 
proteins are extremely sensitive denaturation drying, suggested 
that the compound lipid, which keeping with the statement Skou 
(54) that large percentage cellular proteins are situated lipid—water 
interfaces. picture therefore envisaged lipid complex 
that disrupted desiccation but can preserved with various compounds. 

With this thought became immediately apparent that the stability 
albus cells might due the presence, this organism, such complex 
linked, not through water molecules, but through sugars inositol molecules 
and has been suggested that similar compound polyglycerophosphate 
type may responsible for the Gram stain reaction (39), and part the 
Mitchell complex has been identified inositol phosphate (20). 

The aerosol sensitivity the organisms tested during these present studies 
makes appear that sensitivity can associated with the Gram stain re- 
action the cells. However, very few organisms have been studied the 
author but interest note that high inositol content the lipids 
Mycobacterium tuberculosis and B.C.G. have been found (42) and this organism 
known very stable aerosols (62). Further evidence for the aerosol 
stability Gram-positive cells found the literature where recent 
years considerable numbers publications have appeared the problem 
staphylococcal infections hospitals. Streptococci would also appear 
able withstand desiccation for these organisms can also isolated from 
blankets and bedding after periods drying and also from hospital air samples 
(9, 17, 24, 25, 49, 50). possible, therefore, that the Gram stain reaction 
cell could indication its aerosol stability. Certainly ribonuclease 
and lysozyme treatment staphylococcal cells seems destroy their natural 
air stability which is, itself, further indication that both RNA and poly- 
saccharides are involved, some way, the resistance sensitivity cells 
death aerosolization. 

The permeability Gram-positive cells ions and small molecules appears 
vastly different from that the Gram-negative cell (8, 38), the Gram- 
positive cell. being impermeable and the Gram-negative permeable. This 
phenomenon could well associated with the nature the permeability 
barrier the cells. If, the Gram-positive cell, the interfaces (or membranes) 
between areas the cell contained complex linked 
through sugars inositol, then energy might required make and break 
bonds allow ion molecule into the cell (hence the need for active 
transport), and virtue the chemical make-up its the 
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organism would aerosol stable; however, the Gram-negative cell, the 
three components were linked through water molecules, energy may not 
required for ions enter the cell and also the cell would sensitive 
desiccation. 

their work bacterial protoplasts and Mitchell and 
Moyle (40) have shown that certain sugars can prevent plasmoptysis and 
lysis naked protoplasts, indicating that structures within the cell can 
maintained sugars; and Meynell (37) has demonstrated that sudden chilling 
effective cyanide treatment releasing latent phase phages from 
coli. 

seems possible then that microbial death aerosol may result from the 
breakdown the structure cellular interfaces (or and the 
subsequent loss differentiation between areas within the cell. 
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THE METABOLISM RESTING 
CELLS LEUCONOSTOC 


Abstract 


The rate utilization and the accumulation pentu- 
lose resting cells Leuconostoc mesenteroides affected markedly pH. 
Below 2-keto-p-gluconate utilized slowly and pentulose accumulates 
the fermentation medium. The pentulose was separated column chromatog- 
raphy and identified and The products the fer- 
mentation resting cells, addition pentulose, are 
carbon dioxide, acetic acid, and lactic acid, expected from the studies with 
growing cultures. The results obtained are unexpected when considered with 
what known about the metabolism 2-keto-p-gluconate this organism. 


Introduction 


Leuconostoc mesenteroides useful tool for the degradation certain 
radioactive sugars and has been used for D-glucose (2, 15), D-xylose (1, 2), 
(27), D-galactose (9, 24), D-mannose (10), D-fructose (7), D-gluconate 
(7), and 2-keto-p-gluconate (7). For many the sugars, the degradations 
may carried out with resting cells weakly buffered media with manual 
addition alkali control pH. general, they proceed smoothly with the 
uptake the theoretical amount alkali neutralize the acids produced. 

previous study, the degradation was done using 
growing cultures (7). However, when 2-keto-p-gluconate was fermented 
resting cells mesenteroides which had been adapted grow 
gluconate, little alkali was required maintain 5.8 during period 
hours. this criterion, appeared that the substrate had not been utilized. 
Paper chromatographic examination the fermentation liquor, however, 
showed that all the had disappeared and there was 
material present resembling pentulose. comparative experiments with 
glucose the substrate pentulose material could detected. 

This paper reports the results study the effect the utilization 
2-keto-p-gluconate and the production pentulose resting cells 
well the identification the pentulose formed during the 
fermentation. The results demonstrate the effect the nature the 
products formed during the fermentation Other studies, 
with glucose the substrate, have shown that the nature the products 
formed was independent the (12). 
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Materials and Methods 


Fermentation Conditions 

Leuconostoc mesenteroides, strain (labelled PRL our culture col- 
lection), was adapted grow described previously 
(6). The cells were isolated centrifugation and washed with 0.9% NaCl 
solution. suspension the washed cells was added solution 2-keto- 
Most the experiments were done unbuffered medium but 
where control was required, mixtures 0.05 acetate and 0.05 


phosphate solutions were used. 


Separation and Identification Products 

When the fermentations were completed, the mixtures were acidified, the 
carbon dioxide collected alkali and determined titration (21). After 
removing the protein and cells, fractions containing the organic acids were 
obtained (6). The organic acid fraction was then separated silicic acid 
column yield acetic and lactic acids. ethanol was obtained these 
fermentations agreement with the results reported previously (6). 

Pentulose material was determined the cell-free supernatant with orcinol 
according Mejbaum (20), modified Horecker al. (16), and the 
method Dische and Borenfreund (14). the orcinol 
method, optical density determinations were made after plotting the complete 
spectrum with the aid model DK-2 Beckman recording spectrophoto- 
meter. The values the method were obtained 540 
with Coleman Junior spectrophotometer. With the latter method, 
the determination total pentulose was made after reaction time 
minutes, ribulose after minutes, and xylulose after 120 minutes. 
Standard solutions monoacetone xylulose 
hydrazone were used when determining xylulose and ribulose. 

Residual was determined manometric measurement 
the carbon dioxide produced oxidation with ceric sulphate (18). 


Isolation the Pentulose Material 

Pentulose material was isolated from fermentations which were allowed 
ferment about hours without buffer other control the pH. The fermen- 
tation mixtures were then treated with ZnSO, and NaOH (21), centrifuged, 
and the clear supernatant deionized with mixture IR-120 and Dowex-1- 
carbonate. Sufficient borate solution was added the deionized supernatant 
that the solution was 0.005 borate and the pentulose adsorbed Dowex- 
1-borate according the procedure Khym and Zill (17), modified 
Lampen (19). The pentulose was eluted from the column gradient elution 
which was obtained adding 0.05 borate the mixing chamber contain- 
ing 0.005 borate. Samples were collected with the aid constant 
volume fraction collector and analyzed for the presence material with 
(14), and also the use the reagents Somogyi (26) 
and Nelson (22). The samples within single peak were combined, treated 
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with IR-120, evaporated dryness, and the boric acid removed the 
addition and evaporation methanol three times. Two major fractions 
were thus obtained. 

The fractions were examined paper chromatography Whatman No. 
filter paper with various solvent systems. Ribulose, xylulose, and erythrose 
were used reference samples. The positions the sugar compounds were 
detected the use alkaline silver nitrate (28), tetrazolium chloride (29), 
and orcinol (5) oversprayed with aniline phosphate (8) recommended 
Dickens and Williamson (13). 

The visible spectrum each these fractions after reaction with orcinol 
(16) was recorded with DK-2 recording 


Results and Discussion 


Effect the Production Pentulose 

Preliminary studies suggested that the yield pentulose material was 
higher low values. study the effect the production pentu- 
lose, fermentations were carried out several pH’s. Each fermentation 
phosphate buffer, and suspension cells total volume ml. After 
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Fic. The effect the production pentulose from 2-ketogluconate 
mesenteroides. 
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incubation for hours the final was measured and 15% trichloro- 
acetic acid was added. The samples were then diluted and centri- 
fuged. The supernatant solutions were analyzed the 
method Dische and Borenfreund (14) and paper chromatography. 
The results (Fig. indicate the greater accumulation pentulose material 
lower values. However, demonstrated the paper chromatograms, 
2-ketogluconate was not utilized rapidly the lower values. 


Effect Incubation Time the Production Pentulose 

compare the utilization 2-ketogluconate and production pentulose, 
suspension mesenteroides cells containing 2-ketogluconate, but 
buffer, was incubated and samples were removed every minutes for hours. 
The samples were analyzed and the results plotted Fig. 2-Ketogluconate 
was utilized rapidly, while the fell rapidly from 6.2 4.9 and remained 
constant. the other hand, the concentration pentulose reached maxi- 
mum after the 2-ketogluconate had disappeared, then declined. These results 
demonstrate further the greater accumulation pentulose low values 
but offer little information the irvolved. 
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Fic. incubation time the production pentulose from 2-ketogluconate 
mesenteroides. 
Schematic drawing paper chromatograms (see Fig. 1). 
Change pH. 
measured and orcinol reactions (14, 16). 
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Estimation Products 

earlier attempts learn the fate 2-ketogluconate through carbon 
balance studies, the fermentations were allowed continue until all the 
ketogluconate had disappeared. When was learned from the time studies 
that the pentulose reached maximum then disappeared, carbon balance 
studies were performed before the 2-ketogluconate had completely disappeared. 
Residual 2-ketogluconate was then determined the ceric sulphate method 
(18). The results are given Table and show that the major products from 
2-ketogluconate are carbon dioxide, lactic acid, acetic acid, and pentulose. 


TABLE 


Dissimilation 2-ketogluconate resting cells Leuconostoc mesenteroides* 


Mmoles product per 100 mmoles 
2-ketogluconate 


Product fermented 
Carbon dioxide 104.0 
Pentulose 17.1 
Acetic acid 76.0 
Lactic acid 70.7 
2-Ketogluconate fermented, 55.0 
Carbon accounted for, 92.3 


*Conditions: 400 (1.72 mmoles) potassium 2-ketogluconate plus 0.3 wet cells 


and Fractionation the Pentulose 

The crude pentulose material from the fermentation 2-ketogluconate 
was isolated and fractionated When assayed the 
reaction, the samples showed the presence two peaks 
(fractions and B). additional material was obtained eluting the 
Dowex-1-borate column with 0.1 borate (3). The results one the experi- 
ments are shown Fig. 

The spectra obtained after reaction with orcinol (Fig. indicate that 
fraction corresponds xylulose and fraction corresponds ribulose. 
Co-chromatography Dowex-1-borate fraction with xylulose gave 
single peak with recovery 78% and fraction with ribulose gave 
single peak with recovery 96%. 

Fractions and were further examined paper chromatography with 
several solvent systems. With most the solvent systems the material from 
fractions and travelled single spot rates comparable with xylulose 
and ribulose. With 88% phenol, xylulose and ribulose had different values 
and the material from fraction compared favorably with xylulose, while 
the material from fraction compared favorably with ribulose. The materials 
from fractions and were further purified paper chromatography 
Whatman paper with ethyl acetate—acetic acid—water (9:2:2) 
solvent. The fractions were recovered elution with water and assayed for 
xylulose and ribulose the method, and the optical 
rotations measured. From this data for fraction —27.6° and 
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ribulose after reaction with orcinol. 


for fraction The value from the literature for 
(25) and for +16.6° (23). Because the small amount 
material available, these values, although approximate, indicate that the 


pentuloses have 
When the purified fractions and were rechromatographed paper and 


treated with orcinol trichloroacetic acid oversprayed with aniline phosphate, 
both fraction and xylulose gave identical greyish-purple, while fraction 
and ribulose gave bright pink. 
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From the above data concluded that the pentulose fraction contains 


D-xylulose and the major components. The experimental data 
give indication the mechanism formation these products. Other 
studies (11) have shown that 2-ketogluconate degraded through phos- 
phorylated intermediates, including ribulose-5-phosphate and xylulose-5- 
phosphate. Attempts demonstrate phosphatase activity were unsuccessful 
and also evidence was found for the accumulation phosphorylated 
pentuloses the resting cells the culture liquor. Apparently the 
metabolism 2-ketogluconate resting cells mesenteroides affected 
lower than 4.8 that pentulose accumulates. The reason for this 
phenomenon unknown. 
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BACTERIOSTATIC EFFECT HAEMOLYMPH 
LARVAE VARIOUS BOTFLIES! 


Abstract 


Haemolymph from larvae Cuterebra, Cephenemyia, Oestrus, and 
philus inhibits the growth several species Sarcina and Micrococcus 
nutrient media. The bacteriostatic substance the haemolymph thermo- 
stable and retains its bacteriostatic activity after diluted. 


While working with chipmunks infected with larvae the chipmunk bot 
(Cuterebra emasculator) Bennett (1) observed that the which surround 
the larvae, appeared clean and free pus while the larvae were the 
but showed heavy purulence soon after the larvae had dropped out them. 
occurred Bennett that the lack purulence might the result 
bacteriostatic bactericidal action excretions secretions the larvae. 
This seemed reasonable the bactericidal action the excretions the 
maggots blowflies has been known for some time (2, 10, 11, 12, 13, 
14). Moreover, Jettmar (4) has shown that the gut the warble fly (Hypo- 
derma bovis) cattle possesses bacteriostatic properties for Gram-positive 
bacteria such Sarcina spp., Streptococcus haemolyticus, and strains 
Staphylococcus but not against Gram-negative bacteria. Vogelsang (15) 
reported that the gut the botfly (Gasterophilus the 
horse possesses bacteriostatic properties. Picado (8) found that the filtrates 
prepared from the gut and the cuticle larvae Dermatobia cyaniventris 
killed staphylococci human and bovine origin. 

Experiments were undertaken, therefore, determine whether the larvae 
Cuterebra contained, produced, substances that inhibited the growth 
bacteria. The problem was extended also include the larvae other related 
insects, namely phobifer from deer, Oestrus ovis from sheep, and 
Gasterophilus spp. from horses. Rather striking bacteriostatic effects were 
obtained with the haemolymph the larvae these insects. The results are 
sufficient interest warrant preliminary report, although the bacterio- 
static effect the haemolymph larvae Cuterebra not necessarily 
responsible for the condition the the chipmunks. 


Materials and Methods 


Larvae Cephenemyia phobifer from the retropharyngeal pouches deer, 
and those Cuterebra emasculator from the abdominal region 
chipmunks, were kindly provided Dr. Bennett. 
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Larvae Oestrus ovis were obtained from the sinuses the heads sheep 
kindly sent the Canada Packers Company Toronto. Larvae 
Gasteraphilus and nasalis were obtained from the stomachs 
and small intestines horses that were supplied through the courtesy 
Ballard’s Animal Foods. Specimens bovis were supplied through the 
courtesy Mr. Paul Morrison the Regional Science Service Laboratory 
Guelph. 

Cultures bacteria listed Table were supplied for test organisms 
the Department Microbiology, School Hygiene, University Toronto, 
and The American Type Culture Collection. 

Media were prepared and supplied the central laboratories the 
Department Public Health Ontario. 

Some larvae were used soon after they were brought the laboratory, 
others were placed the refrigerator where they could kept with excellent 
survival for least days. Larvae, immediately before being dissected, 
were washed distilled water and placed 95% and 70% alcohol for 
minutes respectively. They were then washed several times sterile distilled 
water and dried with sterile filter paper. 

Each larva was opened aseptically possible and the haemolymph, gut, 
tracheae, fat bodies, and cuticle were removed and tested against all some 
the bacteria listed Table some instances haemolymph only was 
obtained pricking the larvae with needle and letting the haemolymph 
ooze out the body cavity into test tube. The blood, which was almost 
colorless when freshly withdrawn, darkened rapidly. was centrifuged, 
decanted, and kept —23°C. 

The various tissues the larvae were placed nutrient agar, bacto- 
dextrose-starch agar plates that had just heavily spread with cultures 
the various bacteria. The haemolymph was tested similarly placing 
few drops such plates those which 0.1 suspensions 
bacteria had been mixed the melted medium just before the plates were 
poured. some instances approximately 0.2 the haemolymph was 
placed depression that was cut the solidified medium. The 
plates were incubated for hours the optimum temperature 
required some the bacteria used test organisms. 


Results 


Initially experiments were set determine which, any, the various 
tissues the larvae inhibited the growth different bacteria (Table 1). 
The tests were made with the gut, tracheae, fat bodies, cuticle, and haemo- 
lymph the different larvae. 
Growth the Staphylococcus citreus and species Sarcina and Micrococcus 
listed Table was inhibited zones various widths around the haemo- 
lymph taken from each the above larvae except bovis. The largest zones 
inhibition occurred around the haemolymph Gasterophilus spp. using 
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Sarcina spp. test organisms and the smallest zones with haemolymph from 
ovis. some instances bacterial growth was prevented zone extending 
from the drops haemolymph. The zone inhibition bacterial 
growth seems vary with the kind haemolymph and the species test 


TABLE 


Bacteriostatic effect haemolymph and tissues larvae various insects 


Organism 


*Staphylococcus 
citreus 


*Staphylococcus 
aureus 


*Staphylococcus albus 


*Staphylococcus 
(wood strain) 


anhaemolyticus 


*Pseudomonas 


*Serratia marcescens 
OX19 
*Escherichia 
*Salmonella typhi 


*Salmonella 


*Shigella dysenteriae 


*Micrococcus 
lysodeikticus 


Sarcina lutea No. 272 
Sarcina lutea No. 9341 


Sarcina ureae No. 6473 


Sarcina 
aurantiaca No. 146 


Sarcina flava No. 540 


Micrococcus luteus 


Micrococcus flavus 
No. 10240 


Micrococcus flavus 
No. 400 


Micrococcus varians 
399 


Micrococcus conglo- 
meratus No. 401 


Micrococcus rubens 
No. 186 


Micrococcus roseus 
No. 177 


Micrococcus roseus 
No. 9815 


Cuterebra Cephenemyia 
emasculator phobifer 


Gasterophilus 
haemorrhoidalist 


ovis Hypoderma bovis 


G&OT 


*Cultures marked with asterisk were supplied the Department Microbiology, Hygiene, 


University Toronto; others The American Type Culture Collection. 
=haemolymph; =gut; =other tissues (tracheae, cuticle, fat bodies). 


results were obtained with nasalis. 
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organism, although this has not been tested quantitatively. One more 
drops the haemolymph were placed, most tests, agar plates, 
cups cut out them. such cases the bacteriostatic substance diffused 
through the agar (Figs. 3). More striking bacteriostatic effects were 
obtained when drops haemolymph were spread large surface 
plate. such cases growth occurred any area which the 
haemolymph flowed (Fig. 4). 

Small sections agar were cut from the zones inhibition and incubated 
nutrient broth. growth occurred the tubes, indicating that the 
haemolymph possesses bactericidal properties. The haemolymph, boiling, 
became whitish and spongy, releasing clear yellowish liquid when pressed. 
Samples this liquid remained bacteriostatic even when diluted 1/500 
the original sample. The zones inhibition surrounding the diluted 
samples were smaller, course, than those around the original material 
(Fig. 5). 

interest that bacteriostatic effect was demonstrated with the 
haemolymph from larvae bovis. However, growth citreus was 
inhibited for some distance around the intestine these larvae (Fig. 
Jettmar (4) has reported. similar phenomenon could not demonstrated 
around the intestines the larvae the other insects nor around other 
tissues removed from bovis. 

single test was carried out with the haemolymph obtained from the 
ptilinium specimen emasculator that had just emerged from the 
puparium. The test organism was lutea. This fluid showed bacteriostatic 
effect similar that obtained with haemolymph from the larvae. 

The bacteriostatic action the haemolymph all these larvae, with the 
exception bovis, raises the question similar substances other insects 
and their significance. Several years ago Glaser (3) reported that the haemo- 
lymph normal insects somewhat antagonistic bacteria, and more 
recently Pavan (6) found some antibacterial effect species 
invertebrates although none was observed Diptera (Sarcophaga spp.). 

The bacteriostatic effects highly diluted samples the haemolymph 
indicate its potency. Isolation and identification the substance responsible 

for this effect desirable, therefore. Moreover, search for similar substance 
additional species insects and other animals indicated. 


Fic. Bacteriostatic effect haemolymph Cuterebra emasculator lutea No. 
272 placing 0.2 haemolymph into each two cups the plate. 

Fic. Bacteriostatic effect haemolymph Gasterophilus haemorrhoidalis against 
plate. 

Fic. Bacteriostatic effect haemolym Gasterophilus haemorrhoidalis against 
Sarcina flava No. 540 shown placing 0.2 haemolymph into cup the plate. 

the haemolymph plate spread heavily with No. 272 

1/500) against Sarcina lutea No. 272. 
Fic. Bacteriostatic effect the gut Hypoderma bovis citreus. 
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ISOLATION BACTERIOPHAGES FOR THE DETECTION 
CORYNEBACTERIUM INSIDIOSUM, AGENT BACTERIAL 
WILT ALFALFA! 


Abstract 


Two phages for Corynebacterium insidiosum, agent bacterial wilt alfalfa, 
have been isolated. One was strain-specific, the other lysed out strains 
this organism. One strain was resistant both phages. The polyvirulent 
phage was used successfully detect the presence 
wilted alfalfa plants. 


Introduction 


Katznelson (6) has shown that possible detect bacterial plant path- 
ogens borne internally seed means specific bacteriophages. This 
method, commonly termed the plaque count 
applied the detection the halo blight and common blight organisms 
(Pseudomonas phaseolicola and Xanthomonas phaseoli, respectively) bean 
seed (7, and bacterial blight peas caused Pseudomonas pisi (11). 
The technique simpler and more effective than the conventional procedures 
entailing isolation and identification the pathogen serological, cultural, 
and biochemical methods prolonged and laborious pathogenicity tests. 
Indeed now being used the U.S.S.R. for the detection typhoid and 
dysentery organisms water and milk (4, 

There need the present time for rapid method detect the bacterial 
wilt organism Corynebacterium insidiosum seed, roots, and upper parts 
alfalfa plants. The development this organism infected plants and seed 
has been studied Jones (5) and Cormack and Moffatt (3) means 
staining and isolation procedures. The adaptation ‘of the phage technique 
would give reliable results within hours. consequence studies were 
initiated isolate phages for this bacterium and adapt the rapid phage 
count method for its detection. The results are presented herein. 


Methods 


Two phages, and 20, were isolated from mixture roots 
wilted diseased alfalfa plants and soil adhering the roots, method 
described recently (2) which involves the use antibiotic-resistant strains 
the wilt bacterium. The phages were purified repeated single plaque 
isolations. High titer lysates virus particles per milliliter) were 
obtained and assayed the soft agar method Adams (1). 
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The bacterial strains used were obtained from number sources Canada 
and the United States. The cultures were grown medium Lochhead 
and Chase (9) modified increasing both yeast extract and glucose 0.5%. 

Phage sensitivity the strains was determined cross streaking the 
phage and bacteria medium agar. Both positive and negative reactions 
were confirmed developing plaques soft agar layer. 

For the detection insidiosum alfalfa tissue, such roots, the follow- 
ing procedure was used. Root material was surface sterilized with chlorine 
solution (2% free chlorine) for minutes and then washed sterile water. 
Ten grams roots were then macerated 100 modified medium 
blendor. The sample was incubated overnight 25° shaken thoroughly, 
and after the coarse particles had settled, were transferred sterile 
50-ml flasks and plaque-forming particles phage added. Immed- 
iately several aliquots this mixture were assayed and the same time 
0.1 the ground sample was plated determine whether latent phage 
were present. After hours’ incubation 25°C the ground 
mixture was centrifuged (8) and aliquots well 0.1 1:10 
and 1:100 dilutions the supernatant liquid assayed for phage. The plates 
may counted after hours’ incubation. significant increase the number 
plaques over the number added originally the ground sample was taken 
indicative the presence the sample the susceptible host cells and, 
therefore, infection the roots with 

Streptomycin-resistant mutants the host strains were always used 
plating. Strain was used for its phage and for 
20. This permitted the use 500 streptomycin the base 
agar layer and thus reduced minimum the amount overgrowth from 
common contaminants. 


Results 


Eighteen strains obtained from variety sources 
shown Table were sensitive 20. the other hand, appears 
strain specific. the strains examined only one, was resistant 
both phages. Ten strains sepedonicum, the causal agent potato 
ring rot, were also resistant both phages. 

When phage was plated strain the soft agar layer, clear 
hours small halo width) developed around each plaque. Plaques 
varied size with the host strain but were generally 
diameter after hours. With all strains lysed this phage, plaque size 
days. The development halo around these plaques varied with the host. 

order apply the rapid phage plaque count method the detection 
insidiosum was considered desirable determine the minimum 
number cells which could detected infected sample. simple 
reconstruction experiment was therefore performed along the lines described 
Katznelson and Sutton (7), shown Table IJ. may noted that 
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few 3500 cells per milliliter were detectable the root—broth mixture were 
incubated overnight before phage was added. Many more cells must 
present phage added the mixture without prior incubation. Non- 
specific absorption inactivation phage evident samples which 
1000 fewer bacteria per milliliter were added. number 
plaques not evident the broth control. 


TABLE 


Specificity Corynebacterium insidiosum phages 


Lysis with 


Microbiology Research Institute 
Microbiology Research Institute 

Microbiology Research Institute 
Beltsville, Maryland 
Beltsville, Maryland 
Beltsville, Maryland 
Beltsville, Maryland 
Beltsville, Maryland 

Beltsville, Maryland 

Beltsville, Maryland 

Beltsville, Maryland 

Beltsville, Maryland 

Minnesota 

Minnesota 

Minnesota 

Lethbridge, Alberta 

Lethbridge, Alberta 

Riverside, California 

Davis, California 

Davis, California 


TABLE 


time and inoculum size* 


Bacteria and phage 
added the same time Bacteria added broth 


Bacteria and phage broth containing containing macerated 
added broth mixture macerated alfalfa roots, held over- 
the same time healthy alfalfa roots night, phage added 
Hours after addition phage 
Bacteria 


*Number plaques per plate. 
Confluent lysis. 
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Preliminary trials with alfalfa roots suspected harboring insidiosum 
were made material became available. The results Table III and Fig. 
show significant increase number phage particles three out four 
suspected samples, thus indicating the presence susceptible host bacteria. 
One sample showing wilt symptoms did not give increased plaque count. 
However, there evidence that the wilting this case was caused 
insidiosum. 


TABLE 
Detection internal infection diseased alfalfa roots the phage plaque count method 


Average count per 0.1 


Condition 


Source alfalfa roots 


Davis, California Wilt symptoms 


Ste. Anne Pocatiére, Que. Wilt symptoms 132 750* 
Lethbridge, Alta. Wilt symptoms 2500* 
Ottawa, Ont. Wilt symptoms 

Ottawa, Ont. wilt symptoms 158 


*Count per 0.1 after dilution the original sample. 


Discussion 


The isolation specific phages for has made possible the 
application the rapid phage plaque count technique for detecting the wilt 
organism alfalfa roots. Phage is, course, not very useful for this 
purpose because its specificity. Phage 20, the other hand, lysed all 
but two the strains this organism, originating both Canada and the 
United States. the work reported, root samples only were examined for the 
presence insidiosum but the use this method need not restricted 
roots; the same procedure may used for seed, stems, and leaves. suitable 
modification the method may possible detect this organism soil 
also. Not overlooked, moreover, the use these phages, especially 
20, for identifying bacteria suspected being Final 
identification must depend, however, pathogenicity tests. 
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